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A TEXT-BOOK OF 

MODERN ORGANIC 

CHEMISTRY 

INTRODUCTION 

BY 

BAWA KARTAR SINGH, M.A., SC.D., F.I.C., I.E.S. 

The scientific foundation of organic chemistry may be said to date 

from 183*2 when Liebig and Wohler published their 
Rise of classical investigation on the Radical of Benzoic Acid, 

Organic The position of organic chemistry at that time may be 

Chemistry. understood from a letter written in 1837 by Wohler to 

Berzelius in which he says : “It seems to me like the 
tropical forest, primeval, full of the strangest growths, an endless 
and pathless thicket, in which a man may well dread to wander.” 
It is not implied that before this time no organic compounds were 
known. In fact, as early as the second half of the 17th century, 
chemical substances had been classified according to their origin from 
“the three kingdoms of Nature” by Nicolas Lemery in the famous 
Cours de Chymie (1()75) under the following three divisions : 

(1) Mineral substances — such as metals, minerals, earth and stones. 

(*2) Vegetable substances — such as plants, resins, gums, fruits, juices 
and honey. 

(3) Animal substances —Such as various parts of the animal body 
and excrements. 

This is, thus, the first attempt to separate organic from inorganic 
chemistrv\ 

The exact composition of chemical substances was not known at 
that time, although Stahl (1660— '1734) pointed out the preponderance 
of what h^ called the “aqueous and combustible principles” (hydrogen^ 
and cat . m) in substances of vegetable and animal origin. Scheele 
(1742 — 86) had isolated and studied many of the commoner organic 
ID and had discovered glycerine (1779) obtained by heating olive 

u with litharge, Rouelle (1703 — 70) had discovered, among other 
substances, urea an<l hippuric acid. Many other organic products had 


2 


MODERN ORGANIC CHEMISTRY 


been discovered, but no real advance was possible until the foundation 
of Atomic Theory by Daltan (about 1803 ). Berzelius ( 1779 — 1848 ), 
the great Swedish chemist, whose classical work on the atomic weights 
of elements must always rank high for its accuracy, greatly improved 
the methods of organic analysis, i.e.^ the methods for the determi- 
nation of carbon, hydrogen, and nitrogen in organic substances. He 
further proved by his accurate analysis, especially of the salts of 
organic acids, that both in their composition and in the products of 
their decomposition, these substances followed the same fundamental 
laws of chemical combination as held for inorganic substances. This 
development was continued by Liebig who in 1831 introduced and 
improved adequate methods of organic analysis. Organic chemistry 
thus began to assume the status of an exact science. Organic 
compounds, like inorganic substances, could also be represented by 
means of molecular formulae. This development was also largely due 
to Lavoisier ( 1743 — 94 ) who undertook the study of the composition 
of chemical substances. He found that most of the vegetable 
substances vere built up of carbon, hydrogeri and oxygen, and that 
these three elements, generally accompanied by nitrogen and some- 
times by phosphorus and sulphur, were present in all substances of 
animal origin. He prov^’ed by direct experiment that organic sub- 
stances had definite composition, and thus, recognized the fact that 
the general laws of chemical combination were equally applicable to 
all substances, irrespective of their origin or the degree of their 
complexity. In spite of the above-mentioned similarity found in 
organic and inorganic compounds, a sharp line of demarcation was 
drawn between the two groups, as regards their synthesis, by Berzelius 
and others. They pointed out that whereas inorganic substances 
could be synthesized from their constituent elements in the laboratory, 
this w^as not possible for organic compounds. It was imagined that a 
mysterious force of Nature was required for the synthesis of organic 
products and that it was beyond the power of the chemist to call this 
vital force into play. There was ample reason, too, at the time for 
this belief, based on the fact that such products had not so far been 
synthesized in the laboratory. The real reason for this failure to 
achieve the artificial production of such substances lay both in the 
complexity of organic products and the rudimentary^ state of synthetic 
chemistry at that time. As a result of this, the idea of a vital force 
remained for many years the barrier between organic and inorganic 
chemistry. AV6hIer*s synthesis of urea from ammonium cyanate and 
Henners preparation of alcohol from ethylene, both effected in 1828 
in the laboratory, shook the belief in the vital force theory. An 
ever-growing number of organic syntheses of plant products, such as 
alizarin and indigo, as well as of many products of animal change, 
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siirli as uric acid, gave a death-blow to the “Vital Theory of llerzclius.”'* ** 
As a result of the improvements efTeeted in organ-c analysis by 

Herzelius, and more especially by Liebig it 

was established bv Lavoisier and others that orjfanie 
eompounds were composed of carbon combined with 
about half a dozen other elements, ot which hydrogen, 
oxygen and nitrogen were predominant. In this 
respect, these organic compounds stand in marked 
contrast to inorganic compounds. It is unusual to 
find more than three or tour inorganic compounds built up from the 
same three elements, whereas a practically unlimited number of 
organic compounds may be derived from carbon, hydrogen and oxygen. 
This is due to the remarkable capacity of carbon for combining with 
itself. Thus, compounds are known in which as many as sixtj' carbon 
atoms are directly united to each other. Though the distinction 
between organic and inorganic chemistry based on the vdtal force 
theory has disappeared, the vast number of known organic compounds 
- — now well over 250,000 — which exceeds that of the compounds of all 
the other elements put together, is a strong argument for treating 
organic chemistry as a distinct and separate branch of chemistry. 
The reason is, therefore, purely one of convenience. “Organic 
Chemistry” is, therefore, best defined as the “Chemistry of the Carbon 
Compounds”, as the element carbon is the invariable constituent of 
these compounds. 

The second point which distinguishes organic from inorganic 
chemistrv is the phenomenon of Isomerism, which is so common in 
the former. Wohler's discovery was also important in another way : 
the doctrine of isomerism was its direct outcome. ^Vdhje^ sought to 
prepare the ammonium salt of cyanic acid ; instead he obtained 
the highly stable substance, urea : the salt which was first 
formed in solution passed rapidly over into urea. The elementary 
composition and molecular formula of the two compouiuls is the same 
but they differ in structure : compounds so related are termed 
Isomeric compounds or isomers, and the phenomenon is known as 
isomerism (Berzelius, 18.21). Liebig and Wohler had previously 

*Xevertheless the “Vital Force’’ theory was rij^hl in one sense : There are 
many plant and animal products, such as, lor instance, proteins, whh h we are 
unable to produce artificially. It must be admitted also that wc are unable 
to rejiroducc Nature’s methods aiul that our methods compared wil h In-is. are 
clumsy and iineeonoinieal. It is, however, certain, that in the not far distant 
future Jliochernistry, which may be defined as the chemistry of life, m.'iy (Inveion 
to tiie same degicc of perfection as synthetic organic chcniistiy. VVMicn this 
is the case, we shall be able to imitate Nature as we can now do, in some eases, 
by employing her tools, as, for example, in the eonverslon of a sugar inlo ulcohol 

by focans of an cnzvmc. 
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shown (182.3) tliat silver cyanatc and silver fulminate were similarly 
related. Camphor has, at least, 119 known isomers, each containing- 
70*9 per cent of carbon, 10*5 per cent of hydrogen and 10'5 per cent 
of oxygen. The molecular formula of these 120 distinct substances 
is tbe^ same, namely CioHjgO, but the molecular structure and proper- 
ties arc different "in each case. The recognition of the principle of 
isomerism was a great advance in chemical thought and it ultimately 
led chemists to depict the structure of the isomeric substances as a 
variable arrangement of the atoms in the molecular edifice. To use 
an analogy, suppose a wall to be built of ten black bricks, sixteen red 
bricks ami one white brk k, representing the three elements carbon, 
hydrogen and oxygen respectively. The organic chemist has so far 
discovered examples of 120 different ways in which these twenty-seven 
bricks can be arranged. It may be possible to arrange them in other 
ways, but at least he has the means of distinguishing these 120 
different patterns. It is, however, different with most inorganic 
compounds. One has to be content with a knowledge of their compo- 
sition only, in other words, wdth the nature and relative number of 
the atoms present. Sulphuric acid is represented by the formula 
iroS 04 and that formula represents no other substance. 

"Thirdly, organic or carbon compounds as compared with the 
compounds of other elements are unstable, and are generally decom- 
posed at high temperatures. This has necessitated the development 
of special methods and processes of their investigation. 

Lastly, organic compounds are much more complex than inorganic 
compounds ; cane sugar is represented by the formula C 12 H 22 O 11 , and 
stearin, one of the constituents of mutton fat and lard, by the formula 

molecules of starch or cellulose may number its 
component atoms in several thousands ; whereas it is very seldom that 
the molecular formula of an inorganic substance contains more than 
a dozen atoms. These considerations clearly show that the treatment 
of carbon compounds as a separate branch called “Organic Chemistry 
is not based on any fundamental difference between the two branches 
of chemistry. It is the result of recognition of the principle ot the 
division of labour and is guided largely by considerations of conveni- 


ence of the workers in the two fields. 

The extraordinary development of organic chemistry w^hich has been 

mentioned in the previous section is due to two main 
influences. One is the study of the structure of organic 
compounds which received a great impetus from the 
laws of Kekule formulated in 1858. These laws are 
capable not only of co-ordinating and explaining a 
vast array of know’n facts included in organic chemistry, 
but also of predicting new ones with the result that 
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organic chemistry iias become almost the most exact of the sciences. 
If it Averc alone for tliese ronsiderations, its development would not 
have been so great as wliat we find it to-day. The most important 
influence which has contributed largely in this direction is. however, 
of economical and technological interest. It was the application of 
the knowledge of organic chemistry to industry- which has had a 
far-reaching effect in promoting the rapid growth of the science. The 
large profits which were made by the manufacturer were partly devoted 
to the advancement of research in technological laboratories and uni- 
versities, Tliis resulted in the rapid growth of chemical theory, which, 
in turn, reacted on chemical industry. A notable example of success- 
ful industrial research is the manufacture of indigo. In 1880, Von 
Baeyer accomplished the synthesis of indigo in the laboratory. Tliis 
was taken up by the German dyc-stulf industry, which, after seventeen 
years’ strenuous labour and the expenditure of nearly £1,000, 000, 
succeeded in establishing the synthesis on a large scale. The high and 
uniform purity of the synthetic product, coupled with its low price- 
resulted in the virtual extinction of the indigo-growing industry with 
dire loss to the Kuropean planters of Bihar, and consequent gain to 
the far-sighted German entrepreneurs who had the initiative and the 
ability to convert a laboratory experiment into a vast industry, • 

The position of the drug and medicinal chemical industry has been 
greatly improved by the introduction of synthetic compounds of 
therapeutic value, such as, aspirin, phcnacctin, salol, siilplional. 
medinal, antipyrine, salvarsan. saccharin and a number of otliers. 
Their manufacture is chiellv carried out bv' German dve-stuff industry 
as an adjunct to the preparation of dyes. As a result of the study of 
physiologi<.*al action of synthetically prepared organic compounds, 
certain typical groups have been recognized as possessing specific 
narcotic, antiseptic, or antipyretic actions. ^Many natural products 
have been investigated from this point of view, and in many instance 
as, for example, in the case of the^drug cocaine (present in coca 
leaves), the determination of structure lias revealed the ]>art:(‘ular 
arrangement of atonis in the molceule, on viiieh the physiological 
properties of the drug depend. Among tiic several synthetical products 
embodying this principle, which were prepared in the laboralory, the 
simpler mjvoeaine, in the exercise of its particular mcdicinar functions, 
lias been found more beneficial than the natural material cocaine. 

The effect of the application of organic chemistry to industr 3 y is. 
))crhaps. best seen in the introduction of synthetic colouring matters, 
Xo doubt? the art of the dyer was thoroughlv known to the anoient 
ei\'ilizations of which wc have anv kiKnvIed<re : the ancient Kyvptians 
and otliers were aequainted with the use of mordants and were abie 
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primary and intermediate products are 
It is thus a **kev industry” and this fae 


to obtain fast shades of colour which have remained permanent for 
many centuries. But it must be admitted that the number of natural 
dyes was limited and even as late as the early part of the second 
lialf of the nineteenth century indigo, alizarin, extracts of logwood 
and other woods, safflower, cochineal among the natural dye-stuffs 
were the chief mainstay of the dyer. The earliest known artificial 
dye is picric acid, which was obtained from indigo in 1771. It is 
extensively used as a yellow dye for silk and wool and as a high 
explosive." In medicine it finds application as an antiseptic and is 
extensively used as a lotion for burns. The history of modern or 
synthetic dyes, however, commenced in 1856, wdien Perkin, at the 
ea rly age of seventeen, prepared the first aniline dye, ^lauve. It v/as a 
purely accidental discovery, but Perkin set up a factory at Cireenford 
Green, near London, for its manufacture in the tbl lowing year. A 
new era in dyestuff chemistry commenced and in less than eighty 
years thousands of new dyes were synthesized from coal-tar and 
hundreds of them have found useful application in other industries, 
such as textiles, leather, paper, paints, ink, etc. The dye-industry 
is intimately connected with the manufacture of explosives, as the 

the same in the two cases, 
fact brought home vividly to the 
British (i overnment during tlie last Great War when the supplies of 
these products were cut off. In 1918, Germany produced coal-tar 
dves of the value of about £20,000,000 representing about three- 
fourths of the world’s production. Although the coal-tar dye industry 
originated in England with the discovery of Perkin, it did not flourish 
in that country. The causes of its failure in England were two : 
firstly, the neglect of organic chemistry in the universities prior to 
1880 by which time a large part of the business of manufacturing 
colours Irom coal-tar had already passed into the very competent 
hands of the Ghermans ; and, secondly, the British manufacturer’s 
disregard of the application of scientific aiiel research methods to 
industrial processes. 

Similarly, Sabatier's discovery that unsaturated organic compounds 
which are ordinarily indifferent to gaseous hydrogen could be success- 
fully made to take up livdrogen with the aid of certain (iatalysts has 
had far-reaching effect in the technical practice known as the ‘-harden- 
ing of fats and oils.” 

Altliough we are as yet far from s^mthesizing proteins, starches and 
celluloses^ organic chemistry has been widely applied in the different 
cellulose industries. The textiles, artificial silks, paper-making, films, 
plastics, etc., require the help of the chemist. The “process and 
product control” enables the manufacturer to turn out a uniform and 
high quality product. 
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Natural petroleum, which is a complex mixture of hydrocarbons, 
has been known from very early times, and the ‘‘eternal fires of Baku’’ 
w^ere known to fire-worshippers as early as 600 b.c. The economic 
exploitation and development of the petroleum industry, however, 
commenced after Kekule had placed organic (;hemistry, on a 
scientific basis in 1858. When these natural resources are exhausted, 
as they must certainly be, in a few decades, services of organic 
chemistry w ill be required in producing cheap power alcohol or some 
other substitute for motive powder. The enumeration of the services 
which organic chemistry has rendered or will render in future to 
industry is not exhausted, but enough has been said to show its 
tremendous value. 



t 

t 













PART I 


ORGANIC ANALYSIS AND GENERAL 

THEORY 


METHODS OF PURIFICATIO^" AND CRITERIA OF PURITY 


CHAPTER I 



1. Purification of Organic Substances. The various 

methods employed for purifying organic substances are given below : 

(1) Crystallization, The method of purifying an organic sub- 
stance by crystallization is essentially the same as that employed for 
inorganic compounds, except that solvents such as alcohol, ether, 
light petroleum, chloroform, benzene, etc., are employed in addition 
to water. A hot, nearly saturated solution of the substance in a 
suitable solvent is first prepared. Any insoluble matter that may be 
present is filtered off, and the clear, hot solution allowed to cool ; 
crystals of the substance separate out, while the impurities are left 
behind in the mother liquor. The details of the procedure are : — 

c 

(f) Preparation of Solution, TJie first thing to do in this connec- 
tion is the selection of the right solvent. Small amounts (a few 
milligrams will suffice) of the substance are put into a number of 
small test tubes, and treated with a small quantity of each of the 
common solvents. If the substance dissolves immediately in the cold, 
or if practically no dissolution occurs on warming, the solvent under 
trial is unsuitable. The suitable solvent v.’ill be that in which the 
substance dissolves on heating and from which it readily crystallizes 
out on cooling. 

Having made a selection of the solvent, we must next determine the 
amount of it to be used. It should be just sufficient to make the 
solution, when hot, nearly saturated. Too large an excess of the 
solvent should be avoided, otherwise no crystals will form on cooling. 
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It should be renicmbcrcd that tiie substance to be 
purified often contains insoluble impurities, and 
no attempt must be made to bring these into 
solution by the addition of a large amount of the 
solvent. 

A suitable quantity of the well-powdered sub- 
stance, along with the necessary amount of the 
solvent, is placed in a flask. If dissolution occurs 
readily, the flask is gently warmed on a water 
bath. Should it, however, be too slow, the flask 
is fitted with a reflux condenser and heated on the 
water or sand-bath (Fig. 1). This arrangement 
prevents the loss of the solvent by evaporation 
during the process of solution, and also the vapour 
of the solvent, if inflammable, from catchirtg fire. 

(«) Filtering the Hoi Solution, If the (jiiantity 
of the solution is small, it may be filtered through 
an ordinary filter paper placed in a glass funnel 

with a short stem or a fluted 
filter fitted in a fluted funnel. 

In either case the funnel and 
tlie filter paper must be 
warmed just before filtering. 

In case the amount of the solution is la ^ ^ 
the glass funnel containing the filter paper is 
placed in a hot- water funnel (Fig. 2). This 
consists of a double-walled copper *^funnel pro- 
vided with a side-tube, S, for heating. It must 
^ ^ he remembered in this connection that il’ the 

^ig. ‘2. Hot-water I-'unnei. vapour of the solvent is inflammable, the 

flame be put out fiefore starting the actual filtration. 

(iti) Crpsltdlizing, The hot filtrate is allowed to cool as slowlv as 
possible in a beaker covered with a watch-glass, with the convex 

side upwards. In this manner, large, beautiful crystals arc obtained, 

l^or analytical work, however, small-sized, pure crystals are required, 
hesc arc readil}' obtained by cooling the hot solution rapidly, 
placing tlie beaker in cold water. The crystals thus obtaiiic( 

ni droplets of the mother Viqnov, whicii the Jar •re' crystals an 




rge, 


T1 

l)V 

•roe 


I’ro 


'^ay, 

cd are 


\ 


very liable (o occlude. 

in the ease of eertain substances, on allowing the hot solution to 
cool, an oily li(|ui<l may separate out instead of crystals. This indi- 
cates that the solution is too much coneentrated, and the soinle. 
thcrelorc, begins to separate at a temnerafure abov<‘ its meltim^ 
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point. The defect may be remedied by adding a little more of the 
solvent or preparing the saturated solution below the melting-point of 
the solute. 

(/u) Separating Crtjsials from Mother Liquor. If the crystals are 
large, the mother liquor can be readily poured off and the crystals 
washed with a little of the pure solvent. The best method, however, 
of separating the crystals from the mother liquor is that of filtration, 

using a Buchner funnel, and 
filter pump, D (Fig. 3). If the 
filtration be very slow, a filter- 
ing flask, B, provided with a 
stopcock, should be used. hen 
the pump has been working for 
some time, the stopcock is 
closed, and the pump disconnect- 
ed, A small tube, closed at 
the upper end and open at the 
lower, may be placed inside the 
filtering flask. This serves as a 
vacuum-gauge- So long as the 
vaccum is perfect inside the 
filtering flask, the level of the 
liquid inside and outside the 
tube will be the same ; but should air enter the flask, the liquid will 
rise into the tube, thus indicating a leakage. The trap, C, prevents 
the liquid left in the body of the pump, D, from being sucked into the 
filtering flask, B. 

For handling large amounts of material in technical operations, a 

centrifugal machine is most frequently used. 

Fig. 4 shows a centrifugal machine for drying crystals, designed 
bv Professor Uichards of Harvard University. It is specially suit- 
able for chemical and sugar laboratories. The crystals to be dried 
are put into the perforated drum, D, made in this case of porcelain. 
The outer bucket, B, is also of porcelain and is provided with a 
draining nozzle, N. The drum is made to rotate at a speed of 
1.000 revolutions per minute, by means of the electric motoi> M. I he 
dry crystals are left inside the drum, while the mother lupior, which 
previously adhered to the crystals, passes out through the perfoiations 
into the outer bucket. 

Expt. 1, Dissolve an impure sample of acetanilide in hot water. Add a 
little animal charcoal, and filter the hot liquid, usin» a hot- water funnel. Allow 
the filtrate to cool. .Acetanilide separates out in shining (olpurless i>latcs. 
Separate the crystals, using a Buchner funnel and water pump (Fig* 3), and wash 
them with a little water. 



Fig. 3. Filtration under Reduced 
Pressure. (.4) Buchner Funnel, (R) Filter- 
ing flask, (C) Trap, {D) ^Vate^ Pump. 
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SO.MK ilODIKIC ATIONS OF TIIK PROC ESS OF Cr VST.C r.r.IZATION’ 

. (0) Crystallization by Spontaneous Evaporation, if ti.e substance 

III hand IS as soluble in the cold as in the hot solvent, it is of course not poLible 



Fig. 4. Centrifugal Machine worked by Electric xMotor. 

to obtain crystals by allowing the hot .solution to cool. In such a case the solu- 
tion is allowed to evaporate spontaneously at the laboratory temperature. As 
the solvent gradually evaporates away, the solution becomes more* and more 
concentrated and linally deposits crystals of the substance. 

(&) Crystallization by means of two Miscible Solvents. If the (riven 

substance is too soluble in one solvent and insuflicieiitly soluble in another to 
permit its crystallization from eitlier of the two, it is sometimes possible to 
crystallize it from a mixture of both, provided they are miscible. The substance 
is first dissolved in the solvent in which it is readily soluble and the other 
solvent is then gradually added, until a slight turbidity" oecuis. The mixture 
»s warmed, until it is quite clear, and then allowed to cool, Sliould it be 
necessary to crystallize by spontaneous evaporation of the solution, the soh'cnt 
ni which the siihstaiicc is more soluble must also be tlie more volatile. As 
evaporation goes on, the solution becomes gradually richer in the second .sol- 
vent and dei)osits crystals of the substance. Mcta-dinitrobenzenc is usiiallv 
crvstallizfd from a mixture of alcohol and water. It is far more soluble in alcoho*! 
than in water. 

If tlic substance is readily soluble in water but practically insoluble lu alcohol. 
It may be dissolved in a mixture of tlie two and the solution nllowed to stand in a 
desiccator eontaining <(ui< klimc. The (luieklime absorbs the water vapour but not 
tlie vapour of ah'oliol. The solution therefore gets progressively richer in alcohol 
and nltiniatcly deposits crystals of the .substance. 

The following flairs of solvents are frcc|ucntly employeil for crystallization in 

tin* rjijinncr dcscribcfl : — 

(/) Alcohol and water. 

Hi) Henzcnc and petroleum ether. 
iiii) Chloroform and petroleum ether, 

(iv) Alcohol and etli(*r. 
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(2) Fractional Crystallization. The method ot simple crystalliza- 
tion is only suitable for the purification of a single substance, 
contaminated with smcdl quantities of impurities. \Vhen it is desired 
to separate two (or more) substances, both ol which are soluble in the 
solvent used, the method fraction'll crystallization must be employed. 
Three different cases arise : — 

(?) The substances differ considerably in their solubilities. In such a 
case it is usually easy to find a solvent which will dissolve a 
large portion of the more readily soluble constituent and but a little 
of the less soluble. If we treat the' mixture with a suitable quantity 
of the solvent, we will get a solution that contains practically the 
whole of the readily soluble constituent, A, with but a little of the 
difficultly soluble constituent, R. The solution is filtered i'rom the 
residual solid. Thus we are able to resolve the mixture into two 
fractions : (i) the solution, and (ii) the residue. 

The solution is now evaporated to a certain point ; B crystallizes 
out, unaccompanied by any of the A, The crystals of B are filtered 
out. and the solution is allowed to evaporate in order to get crvstals 
of^. 

The crystals of B and the residue from the first operation are 
dissolved in a fresh quantity of the solvent. On evaporating, B will 
crystallize out practically free from A. 

On repeating the crystallization of the two fractious a second time, 
we get a practically complete separation of A and B. 

(ii) The substances possess 'nearly equal solubilities, but the pro 2 yortion 
of the one is considerably greater than that of the other. The separation 
of such a mixture is also comparatively easy. On cooling the hot 
solution of the two substances in a suitable solvent, the constituent 
present in larger quantity crystallizes out first. After standing for 
some time, the solution may deposit crystals of the second substance. 
In such a case the crystallization must be carefully watched, and as 
soon as crystals differing from those that separated out first make 
their appearance, the solution, even though still warm, is immediately 
filtered with suction. 


{ii) The substances possess ncarhj equal solubilities and are present 
m nearly equal proporiio?is. In such a case tlie crystals of the two 
compounds appear side by side, and must be separated mechanically. 
For instance, if one of the substances separates in big crystals and the 
other in small ones, separation can be readily effected by sifting 
through a suitable sieve. Sometimes, difference in specific gravity of 
the two kinds of crystals is utilized for their separation. A rotatory 
motion is imparted to the mother liquor by rapidly stirring with a 
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glass rod. Ihe lighter crystals thereby rise to the top of the liouid 

w iile the heavier ones collect at the bottom of the vessel. The mother 

b.iuor with the lighter crystals iloating in it is rapidiv poured oT u 

a last reaoiiree, the two compounds may be separated by picking out 
the individual crystals by hand. ^ ^ “-''''■o out 

(d) Sublimation. Certain substances are converted by heat into 
vapours, which, when condensed on a cold surface, do not pass into 
the liquid state, but deposit directly in the form of crystals The 

process IS known as sublimation. Some of the substances' which can 

be icadiljr^ purified by this process are: 

2\aphth{ilene, Camphor, 

Anthracene, Benzoic Acid. 

A simple method of sublimation consists in 
placing the substance to be sublimed on a watch- 
glass heated very slowly on a sand-bath with a 
tree I lame. The watch-glass is covered with an 
inverted funnel, somewhat smaller than itself 
(Fig. 5). Over the edge of the funnel is stretch- 
ed a perforated filter paper. This prevents 
the small, light crystals of the substance from 
falling back on to the watch-glass. The upper 
surface of the l*unnel may be kept cool by 
covering it with- several layers of wet filter 
paper. Fig. 5 . A simple 

A very efficient apparatus for sublimation is 'Tub^imatifm 
that designed by Bruhl (Fig. C). This consists of a hollow, metallic 

vessel provided with inlet and outlet tubes 

for circulating water, and having in the 
middle an opening of the shape of an invert- 
ed truncated cone. The substance to be 
sublimed is placed in a crucible supported 
in the opening as shown in the figure, and 
the whole is covered with a glass dish. The 
substance sublimes in part on the inside of 
the glass dish, but more abundantly on the 
upper, cold surface of the metallic vessel. 

Expt. 2. L%ing the apparatus sketched in 
Fig. 5, or Fig. a, prejmre a sample of pure henzoie 
a<’id or anthracene. 

(f-) pistillation. distillation is the pro- 
cess of converting a liquid or solid into a vapour, which is then con- 
densed. When a solid is distilled, we do not get the crvsfals dircctiv, 
ns is the case in sublimation. The distillate is a liquid which may 
subsequently solidify into a crystalline mass. The process of distilla- 




Fig, 0 . BruhJ’s .Sublima- 
tion Apparatus. 
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tion is used for freeing a volatile substance from non-volatile impuri- 
ties, or from substances which are far more or far less readily volatile 
than the substance to be purified.^ 

The usual form of apparatus employed in distillation is shown in 

Fig. 7, It consists of : — 

^ (?) a distillation flask, F, provided with a side-tube, 

O P (//) a Liebig condenser, C, and 
{Hi) a receiver, R. 



Fig. 7. Distillation Apparatus. 

A. thermometer, T is usually fitted into the neck of the flask in order 
to note the boiling-point of the liquid. The bulb of the thermometer 
must be just below the position where the side-tube is fused into the 
neck of the flask. The end of the side-tube of the distillation flask must 
pass right through the cork, so that the distillate, as it faUs into the 
condenser tube, does not come into contaet with the cork. To prevent 
the liquid from “bumping” (sudden, violent ebullition), a few pieces ot 
broken porous tile (or some glass beads) are added to it beloie start | 

ing the distillation. - • . u . .^1 

In case the object is not to determine the boiling point, but to i 

distil a fairly large quantity of the liquid, the therrnometer 
replaced by a dropping funnel. From this the liquid to be distilled j 
ig xnade to drop continuously at t^he same rate as that at n hie e , 
distillate passes. 
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When the boiling-point of the liquid lies about noT 
gre«at danger ol the condenser tube getting cracked In 

glass-tube, <'alle',l' an 
atr-comlensir (l<)g. S) is used instead of the water- 
cooled condenser. 

Expt. 3. Using the apparatus given in Fig. 7 distil some 
pure ben/xme. .\d<! a few pieces of porous tile to prevent 
bumping. Notice that practically the of benzene passes 

o^er at a constant temperature {i.c., 80 to SO-a'*, dependimr 
upon the atrnostplierie pressure. ' ^ 

Expt. 4. Using an air-condenser, distil some aniline 
which has turned dark in rolour. AXotiee that the first few 

presence of moisture. As soon 
as tnc d.stilliite passes clear, receive the aniline (b. n i8*i=l 
into a clean dry ilask. i • / 

(5) Fractional Distillation. This process is employed 
ior separating a mixture of two or more miscible 
liquids, the boiling points of which are sufFicicntlv 
removed from one another. The method is similar to 
ordinary distdlation, except that portions of the dis- 
tillate passing at different temperatures are collected 
separately. The boiling mu.st be made to proceed 
slowly and evenly, so that it may be possible to count 
the individual drops as they fall into the receiver. 

On distilling a mixture of two liquids, sav, benzene 
(b.p. 80°) and toluene (b.p. IIU), more of the lower 
boiling liquid passes over at the beginning and more of 
the higher boiling one at the end, of the operation, the 
composition of the distillate changing continuousiv. 

In order to effect a separation of benzene-toluene mix- 
ture, the distillate may be best collected in 5 fractions • 
to 85° ; /i, from 85° to 91° ; C, from 91° to 98° ; D from 

£1?'" 7*'® different fractions are collected In llbeTlcd 

llasks, and their respective volumes noted. The portion of the linuid 
which does not distil up to 111° is rejected. 

distillation is now repeated as follows : The contents 
of flask A are transferred to the distillation flask and redistilled the 
distillate passing at SO" to 85" being collected in the same flask 4 ' 
''hen the temperature reaches 8.5", the distillation is stoimed and’ the 

“Sun",!: 1°'""“ " "if "“k- The SSiiS't 

<ontinued once again, and the fraction passing at 80° to S-n" is 
collected in flask A and from 85" to 01" J the Lk B. As soon as 
the temperature reaches 91°, tfic distillation is again stopped and the 

Z distillation is once Ze Sn. ed 

and the fraction passing at 80" to 85°, 85° to 91" and 91° to 9«" are 


\! 

Fig. 8. .Air 
Corulens’er. 

A from t'>0° 
98° to 105° 


.-V ^ 
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collected in flasks A, B and C respectively. The process is carried on 
in the above manner, until all the fractions have been added. 

The five fractions collected during the second distillation are sub- 
mi t ted to the same process as before and the operation repeated a 
number of times. Each time the fractionation is repeated, the volumes 
of the fra(itions A and E increase, while those of fractions B C and 1> 
continuously decrease. When the total amount of the liquid in flasks 
B C and D becomes verv small (say less than one-tenth of the total 
amount of the liquid) the refractionatioa may be stopped 

The process of fractional distillation may be carried out m a 

fractionating llask, i.e., a distillation flask with a suffi- 
ciently long neck. If large quantities of ^ mixture are 
to be handled, an ordinary round-bottomed flask of a 
suitable capacity can be converted into a fractionating 
flask by using a fractional-distillation tube, as shown in 
Fi". 9*. - The process of fractionation, however, is 
rendered more efficient and rapid by using a fractionat- 
ing column (Fig. 10), connected to the neck of the 
boiling flask. The fractionating columns aids the 
seoaration bv working in the opposite way to the boiling 
process. As' the vapour passes upwards through the 
column, it gets partially condensed by the cooling action 
of the air. The condensate flows down the column, 
and forms a layer around each disc, glass-bead, or ring 
contained in the column. In this manner the up- 
aoin<r vapour is brought into a continuous contact with 
the ’’down-flowing liquid, whereby the vapour is 
thoroughly scrubbed. The scrubbing aids the separa- 
tion both by partial evaporation of the liquid 
partial condensation of the vapour ; there occurs 
tinuous exchange of constituents between the 
and the liquid. Thus, by the time the vapour 
the top of the column, most of the less volatile 

tuent has been condensed. Similarly, the more volatile constituent 
contained in the down-flowing liquid will be completely removed by 
the time the latter flows down into the distillation flask. In this 
manner a far more thorough separation of the constituents is effected 
than is possible with an ordinary long-necked distillation flask. The 
use of a fractionating column renders the number of distillations much 
smaller, though, as a rule, it cannot entirely do away with the 

necessity of redistilling?. j • i v 

The various types of fractionating columns used in the laboratory 

are shown in Fig. 10 ; of these, the most efficient is the one packed 
with Lessing’s contact rings. 



Fig. 9. Round- 
bottom flask 
fitted with 
Fractional- 
Distillation 
Tube and 
Thermometer. 


and by 
a con- 
vapour 
reaches 
consti- 
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. Expt. 5. Using a long fractionating column packed with Lessine\s contact 

rings made of aluminium, or \vith small pieces of glass tubing, distil a 1 ♦ 1 mixtilTe 

of benzene and toluene. Collect 5 fractions and measure their respective volumes 
Repeat the fractionation a second time, volumes. 



Fig. 10. Different types of Fractionating Columns. 

(.1) \oung’s rod-and-disc type ; {H) Young’s pear-shaped type ; (C) Le 
Bel-Henninger column ; (D) Hempel’s column filled with glass 
beads ; (K) Still head filled with Lessing’s contact rings r, r 
(shown on a large scale on the right of E). 

For the separation of mixtures of volatile liquids on a commercial 
scale very carefully designed fractionating columns are used, which 
may attain a height of 30 feet or more. The Coffee still used for 
reetifying aqueous alcohol, the long air-cooled vertical columns 
employed for the separation of crude petroleum into various frac- 
tions, and the plant employed for the fraetionation of 90 per cent 

and 50 per cent benzol, to obtain pure benzene, toluene and xylene 

are important examples of the use of fractionating columns in chemical 
industries. 

(0) DistiUation under Reduced Pressure. Some organic liquids 

which decoinpose at their boiling points under atmospheric pressure 

may be distilled without decomposition under low pressure. Thus 

glycerine boils with partial decomposition at 290° under 760 mm 

pressure. It may be distilled without decomposition at 180° under a 
pressure of 12 mm. ^ uuer a 

in ‘ °r distillation is shown 

Insl. F ri The 'iquid distilled is placed in a Claisen’s distillation 

r ’ 1 Vk one of the necks of the flask passes a thermometer, 

i , and through the other a glass tube, C, which is drawn out at its 
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lower end to a capillary dipping into the liquid, and is closed at its 
upper end by nieans of a piece of rubber .tubing and a screw clamp. 



Fig. 11. Distillation under Reduced Pressure. 

This arrangement prevents bumping, which is more pronounced during 
vacuum distillation* than during distillation under ordinarv pressure. 
The evacuation of the apparatus is efiectcd by means of a water or 
mercury pump. In the former case, the lowest pressure obtainable 
is that of aqueous vapour at the room temperature usually 10 to 
25 mm.). With a mercury pump, pressures lower than 1 mm. can 
be readily obtained. A manometer, M, is introduced between the 
receiver anti the pump to ascertain the pressure under which the 
distillation takes place. All corks must be made perfectly air-tight bv 
coating them with collodion after the apparatus has been fitted up. 

In most of the distillations under reduced pressure it is necessary 
to collect the distillate in fractions. Many ingenious forms of receiver 
have been devised, so as to allow the collection of various fractions 
Avithout breaking the vacuum. The best known of these arrangements 
is the triangle apparatus shown in Fig. 11. When it is desired to 
change the receiver, the cock, J, is turned off, K is turned on, while 
the three-way cock, L, is turned so that the receiv^er is put in cojn- 
munication with the outside air and not with the pump, meanwhile 
the distillate goes on collecting in A, The receiver is noAv changed, 
the cock L is turned, so that the receiver is once again put into 
communication with the pump. After a short time, the cock K is 
closed and J, opened, so that the distillate in A Hows down into the 


new receiver. 


(7) Steam Distillation. The process of steam distillation is 
employed for separating those substances which are appreciably 




Fig. 12 


Apparatus for Steam Distillation 

“ sloping position, so that during the vigorous 
ebullition, which occurs, none of the mixture may be thrown uli into 
the tube leading to the condenser. Steam from 

the boiler B (which generally consists of a tin 
can provided with a safety tube, A’), is rapidly 
passed through the liquid in the flask F, The 
heating of B and F are controlled, so as to 
keep the quantity of the liquid in F constant. 

In the case of an oily liquid, or a solid 
substance, the distillation should be continued 
lor about 15 minutes after drops of oil 
or particles of solid have ceased to appear 
in the condenser. In the case of a soluble acid, 
the distillation should be stopped when the dis- 
tillate no longer gives an acid reaction with 
litmus. 

The distillate in the receiver consists of 
water and the substance whose separation is 
desired. In case the substance is an oily liquid, 

It is separated from the water by means of 
f separating funnel' (Fig. 1.3) ; if it is an 
insoluble solid, it is separated by filtration. If 
the substance is a soluble acid, the liquid is 


Fig. 13. Separating ^ 
Ftinnel. 
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^olatile at ltiO° from non-volatile components of a mixture The 
apparatus employed is shown in Fig. 12. The mixture to be treated 

n. a.** P V*' water, in a large-size round-bottom 
lask, /*. heated on a sand-bath and connected to a condenser. C. 
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exactly neutralized with sodium carbonate, and the solution evapora- 
ted to dryness. From the pure sodium salt, thus obtained, the 
acid may be recovered by distilling with sulphuric acid. The sub- 
stances usually purified and separated by the process of steam 
distillation are aniline, bromobenzene, p-dibromobenzene, essential 
oils, petroleum, turpentine oil, etc. 

Exnt. 6. (a) Fit up the apparatus shown in Fig. 12. Place some ''ell- 
powdered a/ reain, made into a thin paste with water, into the flask . Carrj 
on the steam- distillation of the substance, until no more oily drops of 
oil pass over* Separate the oil by means of a separating funnel (Fig. 13). 

ib) Carry out the steam distillation of the oleo-resin of turpentixie {ganda 
baroza). The distillate consists of turpentine oil and water ; the residue eonsisU 

of rosin. 


The cijwciiTi oil, on fractional distillation, gives thymol^ a colourless 
crystalline substance, used as a mild antiseptic, and certain hydro- 
carbons, called thymenes, which are used as a soap perfume. 


Principle of Ste^m Distillation. In the process of steam-distillation two 
volatile substances take part ; (i) water, and («) the substance whose separation 
is desired. In case the two substances are mutually immiscible,, the vapour 
pressure of each is unaffected by the presence of the other. When the mixture 
is boiling, the sum of the vapour pressures Pi and po of the constituents must 
equal the atmospheric pressure, P. That is, t 

* P=Pl+P2- 


The boilinof point of the mixture must, therefore, be even lower than that of 
the lower boiling constituents at the atmospheric pressure. Hence, in steam- 
distillation the same object is achieved as in distillation under reduced pressure, 
t.e., the boiling of a substance is effected at a temperature lower than its actual 

boiiing point at the atmospheric pressure. i 

The relative quantities of water and the liquid that is steam-distilled, rcj and 
to, which pass over, are proportional to (i) their relative-partial pressures pi 
and at the temperature of distillation, and (n) their relative vapour densities 
or molecular weights. .Now. the molecular weight of water is 18. If 31 is the 
molecular weight of the substance that is being steam-distilled, we have : 


«?i_ PiXl 8 

W 2 Pz X 31 

Example. What weight of aniline, tGil be earned over by 100 gm, 

of steurti at y9'4°C, the atmospheric pressure being 760 mm. Tho aqueous tension at 
is 747 mm. 


Molecular weight, M, of aniline, C6H5NH2=72+5-|- 14-1-2— 93. 
Partial pressure, Pi, of steam =747 mm. 

Partial pressure pj, of aniline =7(>0 — 74< mm. = 13 mm. ^ 

. Weight of aniline, Wg, carried over by 100 gm. of steam at 99*4 C 


= 100X 


p2 X 3/ 
Pi X 18 



= 100X 


13X9.3 
747 X 18 


8*99 gm. 
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(H) Dialysis. This process is employed for the separation of 
crystalloids from colloids. The mixture is 
placed in a dialyscr^ an apparatus consisting 
of a shallow glass cylinder over the lower end 
of which is stretched a parchment paper or a 
piece of muslin impregnated with collodion 
(Fig. 14). The dialyser is made to float in a 
trough of pure water, which is changed from 
time to time. The crystalloid molecules diffuse 
out through the parchment paper, while the colloid remains behind 
in the dialyser. 




Fig. 14. Dialysis. 


The “diffusion process” for the manul'acture of cane-sugar from 
beets and the recovery of cane-sugar from molasses are examples of 
the application of dialysis in technical organic chemistry. 


(9) Extraction with Solvents. The process of extraction with 
solvents is employed in the following three cases : — 

ii) Isolation of a Substance Dissolved or Suspended in a Liquid 
(usually Water). The separation of the substance is effected by 
agitating the liquid with a solvent in which the substanc e is more 
readily soluble but which is not miscible with the first liq\ud, drawing 
off the solution of the substance in the new solvent, and distilling off 
the latter. The most commonly used solvent for this purpose is 
ether, though, in certain cases, carbon disulphide, petroleum ether, 
chloroform and benzene, are also used. 

A familiar example of ether extraction is that of aniline. This 
substance is prepared by the reduction of nitrobenzene, and is 
separated from the reaction mixture by steam-distillation. The 
distillate separates into two layers : a lower layer of aniline, and an 
uppgi* layer consisting of an aqueous solution ol aniline, which also 
contains a quantity of aniline in the form of minute droplets that do 
not settle quickly (i.c., an emulsion). The lower layer can be separat- 
ed by means of a separating funnel, and presents no difficulty. To 
recover aniline from the a<iueous layer, it is shaken up wdth ether, in 
which aniline is much more soluble than in water, and the upper 
ethereal solution of aniline is separated from the lower aqueous layer 
by means of a separating funnel. The low'cr aqueous layer is once 
again shaken up with a little more of ether, and the ethereal layer 
again separated. Finally, aniline is recovered by boiling off the ether. 

(ii) Isolation of a Substance from a Solid Material. Tlie more 
ijiiportant cxam})les of extraction of this type are : the extraction 
of alkaloids from leaves and bark of plants, of flavouring extracts 
from seeds and ol' oils I'rom crushed seeds and oil cake. 
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Ihc Soxhlet Extractor (Fig. 15), which is frequently used in 
chemical laboratories for the extraction and estimation of fat or oil 

in a material, e.g., oil seeds and oil cake, 
is a very convenient apparatus for this 
purpose. The powdered material is put 
into a thimble^ T, made of stout filter 
paper and placed inside the glass tube, G. 
The latter is provided with a syphon, S, 
and a side-tube, iS’. T. The length of 
the thimble should be such that it 
extends about 1 cm. above the highest 
point of the syphon tube. The amount 
of solvent taken in the boiling flask F, 
should be 1 J to 2 times the volume of G up 
of the highest point of the syphon. The 
flask F is heated on a water-bath or sand- 
bath according to the nature of thesolv’ent. 
The vapour of the solvent rises through 
the side-tube up into the water-cooled con- 
denser, C. The condensate drops into 
the thimble, dissolves the substance, 
and filters out into the space between 
the thimble and the <^Iass tube. As 

I 

soon as the liquid lev'el in G reaches the 
higliest point of the syphon, the solution 
automatically flows back into tlie boiling 
flask. The process may be continued for 
as long a time as necessarv. At the end 
of the operation, the solvent is boiled 
off. and the isolated substance weighed, 
if necessary. 

Ficf. 15. Soxlilet Extractor. 

' Expt. 7. Arrange the Soxhlet extractor on a water-bath. Introduce a 
weighed (juantity of cruslied cocoanut into a tlninble or a filter pajjcr cylinder. 
Use petrol as the extracting solvent. The upper end of the condenser should 
preferably be provided with a long piece of rubber tubing to carry off the 
uncondensed inflammable vapour of petrol to a hood or waste-sink. At the end 
of the operation evaporate off the petrol, and weigh the residual cocoanut oil. 

{Hi) Removal of Soluble Impurities from Mixtures, This is of great 
importance in the purification of organic substances. The 
principle involved is similar to (fi), except that the solvent extracts 
the impurities, leaving behind the desired substance in a more or less 
pure condition. Here, as in (t'l), several extractions w'ith small 
portions are more effective than a single extraction with the whole of 
the given quantity of the solvent. 
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Distribution Law, The process of extraction with solvents is based on the 
distribution law or partition laxc. If we sliake up a substance with two iminisci’ 
ble sotvents, say suecinic acid with ether and water, it will distribute itself 
between the two solvents in such a manner that a definite ratio is maintained 
between the two concentrations* i.e., 

Concentration of solute in ether 
Concentration of solute in water" 

This ratio is called the partition coefficient of the substance for tlie two solvents. 
Its^ value for tlie distribution of succinic acid between water and ether at 15®C 
IS 5*4. It can be readily shown that a given amount of a solvent will effect a 

inore complete extraction when used in several small portions than when used 
in one lot.^ 


Expt. 8. Dissolve some iodine in a dilute solution of potassiurx^ iodide. 
Shake the solution in a test-tube with a few drops of carbon disulphide. Notice 
that the latter solvent takes up most of the iodine, and forms a violet coloured 
layer at the bottom. The partition cocflicient of iodine for carbon disulphide 
and water is over 400. 


(10) Salting Out. Many organic substances which are soluble in 
pure water are insoluble or sparingly soluble in aqueous solutions of 
certain salts, notably sodium chloride, potassium carbonate, calcium 
chloride, and Glauber's salt. Hence, when a solid salt is added to an 
aqueous solution of an organic substance, e.g., ethyl alcohol, acetone, 
aniline, pyridine, etc., the substanee is thrown out of solution and 
niay be separated by means of a tap funnel, or preferably, by extrac- 
tion with ether. 

A combination of salting-out and ether-extraction has many 
advantages. The addition of the salt to the aqueous solution before 
extraction with ether helps the extraction {i) by partially throwing 
the dissolved substance out of solution, (ii) by exchanging water with 
a new solvent, viz,y the salt solution, in which the substance is much 
less soluble than in pure water, the partition coefficient, w.\ ter/ether, 
being thereby greatly reduced, and {Hi) by lowering the solubility of 
ether in water, and thus making a larger proportion of ether available 
for extraction. 

Salting out of ionized organic substances, soap and sodium 

benzenc-sulphonate, by common salt is due not only to the change of 
the solvent, but to the coinnion-ion effect. The addition of the salt 
greatly increases the concentration of the sodium ion, whereby the 
solubility product of sodium benzene-sulphonate, etc., is exceeded, 
and the substance is, therefore, thrown out of solution. 


(11) Treatment with Animal Charcoal. Animal charcoal finds 
considerable application in organic chemistry to free a colourless 
Jiubstance from coloured impurities, and also impurities of a tarry 


^ See ^'‘Advanced Course of Chemical Calculations'* , by Niranjan Singli and 
•lagiiidar Singb, page 108, Dxamplc 2. 
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character. The substance in the liquid state, or in solution with a 
suitable solvent, is boiled with the requisite quantity of animal char- 
coal and filtered. If the solvent used (or the substance itself, if 
liquid) be immiscible with water, the animal charcoal, which is 4 
generally moist, is dried on a water-bath before use. 

In some petroleum refineries ia. specially prepared paddy-husk charcoal is 
used for decolorizing lubricating oils and melted paraffin wax. Another very 
efficient substitute for animal charcoal, which is much used for refining sugar 
in Germany, is a mixture of fine wood-meah and floated infusorial earth 
{kieselguhr).' Its decolorizing power is said to be far greater than that of animal 
charcoal. 

Expt. 9. Boil a solution of brown sugar in water (or a weak solution of I 
magenta) with animal charcoal in a dish, and filter. Notice that the filtrate 
is colourless. 

* « 

(12) Drying of Organic Substances. ' No organic substance can be 
regarded as pure, if it contains even traces of moisture. The drying 
of. starting materials and of finished preparations is, therelbre, an 
important feature of organic practical work. 


Solid substances are dried in a number of w^ays. If sufficiently 

stable, they may be dried in a steam-or air- 
oven or by heating on a free flame. If unstable 
on heating, the substance is allowed to stand 
in the air, or, better still, in a vacuurn desic- 
cator (Fig. 16) containing a suitable drying 
agent. 

Before a solid substance is finally dried as 
given above, the adhering moisture must be 
removed (?*) by pressing it between folds of filter 
paper, {ii) by pressing it on an unglazed por- 
celain plate, or {iii) by means of a centrifuge 
(Fig. 4). 

Organic liquids, or solutions of organic solids and liquids in suitable 
solvents, are dried by letting the liquid stand in contact with a 
suitable drying agent. The drying agent employed in a particular 
case must satisfy the following conditions : — 

(f) It must be practically insoluble in and chemically indifferent 
towards the liquid to be dried ; 

{ii) It must remove water efficiently; 



A list of suitable desiccating agents for different classes of organic 


substances is given below : 
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Substances 


Desiccating Agents 



1. Hydrocarbons and Ktlier. 

2. Alcohols. 

3. Haloid Derivatives. 

4. Aldehydes and Ketones. 

5. Organic Acids. 

6. Organic Bases. 


Anhydrous calcium chloride, nietallic sodium, 
phosphorus pentoxide. 

Quicklime, anhydrous potassium carbonate, anhy- 
drous magnesium sulphate or sodium sulphate. 

Anhydrous calcium chloride, anhydrous magne- 
sium sulphate or sodium sulphate. 

Anhydrous magnesium sulphate or sodium sul- 
phate, anhydrous calcium chloride. 

Anhydrous magnesium sulphate or sodium sul- 
phate, phosphorus pentoxide. 

Solid potassium hydroxide, quick-lime or soda- 


As a rule, the apeiit dryivg agent is separated before distilling off the 
dried liquid. If this point is not attended to, the hydrate of the salt 
produced during desiccation may be dissociated on heating, and 
hence the liquid passing over remains moist. In the case of metallic, 
sodium, phosphorus pentoxide and quicklime, the removal of the 
desiccating agent before distillation of the liquid is unnecessary, as 
the drying agent undergoes a chemical reaction with water to produce 
a stable, non-volatile product. 

A very easy and efficient method of drying organic liquids and 
solutions of organic substances in suitable solvents is based on the 
principle of steam-distillation. Thus, when moist aniline is distilled 
(Expt. 4). at first a few drops of a turbid liquid, consisting of a 
mixture of aniline and water, pass over ; and then follows a clear 
distillate consisting of pure dry aniline. Again, when a solution of 
a moist organic substance in benzene is distilled, the first few drops 
consist of a mixture of benzene and water, the mixture distilling at a 
temperature lower than the boiling point of pure benzene (80°C). 
After this, the benzene itself passes off, and the pure dry organic 

« tance is left as a residue. 

Methods of Testing the Purity of a Substance* 

following are the common methods for testing the purity of an 
organic substance : — 

0) Melting Point. The usual method fortesting the purity of a 
solid organic substance is the determination of its melting point. This 
may be done in two different ways : — 

(0 If a comparatively large amount of the substance is available, 
about 20 grams of it are carefully heated in a wide test-tube provided 
with a thermometer and a ring stirrer. When about three-quarter 
of the substance has melted,' the burner is put out, and the liquid 
well stirred. The thermometer is read every half minute. The 
temperature at which the mercury column remains stationary for 2 
to 3 minutes is taken as the melting-point of the substance. 
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Since the melting-point is defined as the temperature at which the 
liquid and the solid phases co-exist, it is absolutely necessary that the 
solid and the liqiiefied substance are present and that the temperature 
remains constant for a pretty long qyeriod. If the whole of the substance 
happens to melt, some more of the solid substance must be stirred 

in, and the lowest constant temperature reached should be noted. 

Expt. 10- Using the apparatus described above determine the melting- 
point of naphthalene or ortho-nitrophenol, ^ -i u i 

{ii) In most cases, however, the quantity of the substance available 

for the melting-point determination is small. For this 
reason, the usual method employed in chemical 
laboratories is as follows: A small quantity of 
the substance is finety powdered and introduced into 
a capillary tube, closed at one end. The capillary 
centaining the substance is then moistened with 
concentrated sulphuric acid, and placed alongside a 
thermometer, suspended in a beaker containing 
concentrated sulphuric acid in such a way that (a) the 
substance in it is at the same level as the middle of 
the bulb of the thermometer, and (6) a part of it is 
within the liquid and the other part above it 
(Fig, 17). This latter arrangement makes the tube 
cling to the thermometer by capillary attraction. 

The acid in the beaker is now^ heated with a small 
flame, and constantly stirred with a curved stirrer 
made of a thin glass rod, the substance and the thermo- 
meter being closely watched all the time. The moment 
the substance melts and becomes transparent, the 
temperature indicated on the thermometer is recorded. 
The experiment should be repeated, using a fresh tube 
^ and fresh substance. 

‘^MeTtin^-Point. A pure solid has a perfectly definite and sharp 
melting point. Hence — 

(/) If the given compound does not melt sharply, it should be taken 

as impure. , . , 

(ii) If the identity of the given compound is known, its melting- 

point is determined experimentally and compared with the true 

melting-point as given in a book of physical constants. If the tw'o 

agree, the given compound may be taken as pure. If, however, 

the meltTng-point of the compound is found to be low er, it is evidently 

impure. 

{Hi) If the identity of the compound is not known, the melting- 
point of the specimen is first determined. It is then recrystallized 
from a suitable solvent, and the melting-point determined once again. 
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ir there occurs no cliange in tlie melting-point, the f-ompound may be 
tiiken as pure. Hut if the second melting-point be higher than the 
first, the compound is impure. 

Expt. 11. Using concentrated sulpluirie acid or glycerine bath, determine 
the melting-point of urea iodoform (119®) or metadinitro-benzene (90®). 

Should the sirlpluirio acid of the bath turn dark during the experiment, it can 
be rendered colourless by adding a drop of concentrated nitric acid or a crystal 
of sodium nitrate. 

(1) Boiling Point. In order to decide whether a given liquid is 
pure or impure, its boiling-point is determined by distilling it from a 
small distillation flask provided with a thermometer (Fig. 7, page 14). 
If the liquid is pure, the whole of it would distil at a constant 
temperature. If, on the other hand, the boiling-point rises during 
distillation, the liquid is impure. 

For a correct boiling-point determination, the following points 
must be carefullv attended to : — 

(?) The bulb of the thermometer should be ivholly surrounded by 
the vapour, i.e., no part of it should dip into the liquid. 

{ii) The vapour should not be allowed to get overheated ; hence 
the size of the flame should be such that no part of it plays on that 
portion of the flask which contains the vapour. 

(Hi) The liquid should boil regularly, ?.c., without bumping. This 
is insured by adding one or two pieces of porous j 

tile to the liquid before starting the distillation, 

Siwolowoff’s Method. The method described 
above requires a large quantity ol the liquid. 

When only a small amount is available, the 
following method, due to Siwolowoff, may be used. 

The apparatus employed in this method is shown 
in Fig. IS, A few drops of the liquid under 
examination are placed in the small, thin-wallcd 
test-tube attached to the thermometer by means 
of a rubber band. A capillary tube, sealed about 
1 cm. from the lower end, is placed in the test- 
tube which is then heated in a bath. At first 
air bubbles rise from the lower end of the 
capillary, due to exj)ansion by heat, and these 
become more and more numerous as the tempera- 
ture goes up. As soon as a rapid stream of 
bubbles of the vapour rises through the liqtiid, 
the burner is withdrawn from underneath the 
beaker, and temperature is noted at which the 

bubbles just cease to come out of the eapillary. Fig. is. Siwolovvofrs 

Expt. 12. Detcnninc tlic bitiliiig-poinl of aniline Method for the boiling, 
or toluene I.I1U) by Si wohtwoCrs jiic* bod. point l>etcrnuiiation 
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QUESTIONS 

1, Write an account of the development of organic chemistry into a branch 
of science, indicating clearly the parts played by Scheele, Berzelius, Liebig, 
I^avoisier, Wohler, Hennel, and Kekul^. 

. 2. ^Vhat considerations have led the chemist to separate Organic Chemistry 

^rom Inorganic chemistry ? 

3. Give a detailed account of the various methods used for the purification 
of organic compounds. 

4, What do vou understand by fractional crystallization and fractional dis- 
iillation"? Give instances of the' use of these processes in practical organic 
•chemistry. 

5* Describe and explain the process of stedfii dLstillatiofi and disiillatiofi ufidct 
reduced pressure. 

A mixture of nitrobenzene and water boils at 99®C under 7(i0 mm. i)ressure- 
At this temperature the vapour pressure of water is 7.33 mm. What proportion 
•of nitrobenzene will the distillate contain ? {Arts. 20’1%) 

(). Give an account of the usual methods employed for decolorizing organic 
substances containing small quantities of coloured impurities, 

7. ' What are the different agents employed in the drying of organic liquids ? 
Can thev be used indiscriminately ? Give illustrative examples to clear your 
point. 

8. Give an account of the methods employed for testing the purity of organic 
•compounds. 

9. Describe how you would test the purity of an organic liquid. How 

would you effect the separation of a mixture of two liquids with boiling-points 
•separated from each other, say by 10®C ? {Punjab^ Inter. ^ 1930) 



CHAPTER II 

QUALITATIVE ELEMEXTARY ANALYSIS 

3* ^j©IX©r£ll* I\Icthods of s\ stciiicitic inor^ciriic 9ii&lysis src bjiscct 

^ IT consequently, it is always 

possible to analyse a mixture ot* two or more inorganic compounds 
without first separating it into the component substances. In tne 
analysis of an organic substance, on the other hand, we have to 
depend on reactions that are essentially non-ionic, and liable to be 
affected considerably by the presence of other substances. For this 
reason, a mixture of organic substances must alwaj^s be separated 
into its components before submitting it to qualitative and quantita- 
tive analyses. 

The term “qualitative analysis”, as used in organic chemistry, 
usually means the detection of various elements which are present in 
a given compound. The process is, therefore, often termed qualita- 
tive elementary analysis. It is a necessary step, in assigning a 
formula to every organic substance. 

When the object is to establish the identit}^ of an organic substance, 
V.e., to prove that it is identical with some compound of known 
composition and properties, the process is called identification. A 
substance is usually identified by noting its appearance, smell, crystal- 
line form, solubility, elementary composition and reactions, and finally 
by determining its melting or boiling-point. A very general method 
of testing the identity of two solid substances, (1) the substance 
under examination, and (2) the compound with which it is supposed 
to be identical, consists in mixing a small quantity of each of the two 
samples and determining the melting-point of the mixture. If this 
is the same as the melting-jioiut of the component solids, the identity 
of the two may be taken to be proved. 

If the abov^e methods fail to reveal the identity of the substance 
under examination, a qualitative elementary analysis, followed, if 
necessary, by a quantitative analysis, must be made. A complete 
identifit;ation of a compound may, at times, involve the determination 
of its molecular weight and a study of its chemical reactions. 

4. Elements Occurring in Organic Compounds. 

Besides carbon, the most commonly occurring elements in organic 
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Fi". 19. Tostinj; for C'arl)on and 


pounds are liydrogen, nitrogen, halogens and sulphur ; less common 
are phosphorus, arsenic and metals, 

5. Detection of Carbon and Hydrogen.^ The only conclu- 
sive test for carbon and hydrogen 

is as follows : A small quantity 
of the pure, dry substance is mixed 
with 5 to 10 times its weight of 
freshly-ignited, powdered cupric 
oxide. The mi’cture is placed in a 
small, hard-glass test-tube and 
covered with a layer of cupric oxide. 
The test-tube is provided with a 
cork carrying a delivery- tube, the 
end of which is made to dip into 
some lime-water in another test- 
tube (Fig. 19). If the substance 
contains carbon, the latter is 
oxidized to carbon dioxide, which 
turns the lime-water milky. If 
it also contains hydrogen, small 
drops of water will collect in the 
cold part of the test-tube, 

Expt. 13- Hy means of the apparatus giv'cn in Fig. 19 demonstrate the 
presence of carbon and hydrogen in urea. 

/ 6 Detection of Oxygen. There is no conclusive test for 
oxygen in an organic compound, though its presence may sometimes 
be inferred indirectly. Thus, if on heating the compound m a dry 
tube, drops of water condense on the upper, cool portion of the tube, 

the compound, obviouslv, must contain oxygen. Again, if the com- 
pound has been proved to be a carboxylic acid, alcohol, ether. 

aldehvde, carbohydrate, etc., it must contain oxygen. 

The only sure way of prov'ing the presence or absence of oxygen 
in an organic compound is by quantitative analysis. If the total 
percentage of the other elements present is less than 100, the difference 
is taken as the percentage of oxygen. 

7 Detection of Nitrogen, (l) Lassaigne’s Test. This is the 
most conclusive test for nitrogen. A freshly cut, small piece ot 
sodium is melted in a hard-glass test-tube ; a small amount of the 
substance is then added on to the molten metal, and the mixture is 

1 Many subsUmces (r.g. starch,^igar, etc.) either cimr or burn with a 

smoky Oame'Avhen heated on a platinum foil or in a porcelain crucible, owing to 
the liberation of free carbon. 


Hydrogen 
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gradually raised to a red heat. Under these er.nH!f:r.„<. +i 

r"’'” to 

rpi , Xa-i-C + N — >XaCN. 

me tube, while still hot, is plunged into some distillpd • 

evaporating basin. The liquid is boiled, fdtered, and tested for"the 
cyanide radical as follows ctstea lor the 

ilL-!n towards litmus paper is first noted, which should be 

alkaline, owing to the formation of sodium hydro.xide bv the atdion 

with Vf****"^! the e.vcess of sodium. The alkaline solution is warmed 
'Mth a few drops of ferrous sulphate and a little ferric chlorid-' and 
then rendered acidie with concentrated liydrochloric acid ' Th 
formation of a blue precipitate, or a green eSatIL proves tlm 

presence ol cyanide in the solution, and therefore of nitrogen in the 
given organic compound, ® ^ 

The explamition of the above test for a cyanide is that ferrous 
hydroxide produced by the action of sodium hydroxide on the fomus 
salt reacts witli the cyanide to produce sodium ferrocvmdde 

Fe.SO, + 2.\aOH — . Fc OH), -(-Nu,SO, 

Fe(OII )2 4.0XaCN_,.2XaOH+Xa.Fe(C\),, 
wiiicli with the feme salt, gives a precipitate of Prussian blue when 
the solution IS acidified : — 

4FcCl3-t-3XajFe(CX), — »Fe,[Fe(CX),j 3 + i2.\aCI. 
hen testing for nitrogen in a substance which also contains stilnlmr 
we must use a much larger quantity of sodium than that em & 

prevents the formation of sodium sulphoeyanide. 

AVhen testing easily volatile substances' for nitrogen, the heatiim 
must be very gradual and prolonged. Further, the tube employed 
must be much longer, so that the portion of the substance conclensin« 
sod- ^ ‘-■old part of the tube flows back on to the heated 

Nitrogen. Substances, such as the diazo-com- 
I ; 3 ,’ ^ ‘ o'frogen at moderate temperatures cannot be 

^ * I j T » I * In 3nc •h a case, the 

substance is heated with cupric oxide in a test-tube filled with carbon 

hvdroxir'^ the evolved gas led into a long tube filled with potassium ‘ 

K V present, (he evolved gas is not 

*'no]|y absorbed by potassium hydroxide. 

(3) Soda-lime Test. In a comparativelv small number of nitro 

th,"°,V,t tl'oprpsence of nitrogen can be detected by heating 

of nitrol"'" ^^“moioniais evolved, tlie presence 

ncL Hvf "V I'owever, the test be 

for^fnci ’ of nitrogen. Nitro-componnds, 

Jor instance, do not respond to this test. * 
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Expt. 14. Lassaigne's Test. Take a bright piece of sodium in a 2 inch test- 
tube of hard-glass and melt it. Add a s)nall quantity of urea on to the molten 
metal. Heat the tube gradually, and (inally raise the temperature to bright 
redness. Break the hot tube, in about 10 c.c. of distilled water contained in a 
dish. Stir up the liquid with a glass rod and filter. To the filtrate add a few 
drops of ferrous sulpliate solution and a drop or two of ferric chloride. If the , 
liquid be alkaline, a green precipitate of ferrous hyd^-oxide will be produced at , 
this stage. If no precipitate is formed, make the liquid alkaline with sodium t 
Inhlroxfde solution. Heat to boiling, and then acidify with hydrochloric acid. ^ 
Formation of a blue precipitate or a green coloration, proves the presence of 
nitrogen in the substance. ^ , 

Expt. 15. Soda-lime Test. Heat some urea or thiourea w|^h soda-lime in a 
te.st-tubc. Test the evolved gas for ammonia with litmus 6r turmeric paper. 
Show that no ammonia is evolved when dinitrobenzenc is heated with soda- lime. 

8- Detection of Sulphur. (l) Lassaigne’s Test. This is 
applied in exat'tly the same manner as for nitrogen. The sulphur 
is converted into sodium sulphide, which is detected as given in 
Expt. lb, 

(2) Oxidation to Sulphuric Acid. Easily volatile substances 
usually do not respond to Lasssigne’s test. They are heated at 200 
to 300°C with fuming nitric acid in a “bomb-tube” (see the quantita- 
tive estimation of sulphur. Chapter III). Under these conditions 
sulphur gets oxidized to sulphuric acid, the . formation of which is 
detected by the barium chloride test. 

Expt. 16. Fuse thiourea or siilphanilic acid with metallic sodium as in 
Expt. 14. Extract the fused mass with water, and filter. Test the filtrate as 
follows : (i) To a few drops of it add a freshly prepared solution of sodium 

nitroprusside ; a transient, beautiful violet coloration, (li) Place a drop of it 
on a silver coin ; black stain of Ag^S. (tii) Acidify a few drops with acetic acid 
and add lead acetate ; a heavy black precip^te or a dark coloration. 

9. Detection of Halogens. ,^) ,Beilsteiii’s Test. By means 
of this test the presence of a halogen in an organic substance can 
be detected very quickly and conveniently. A piece of copper wire 
is heated in the oxidizing flame, until it ceases to impart a green 
colour to the flame. It is then taken out of the flame, and a minute 
particle of the substance containing halogen is placed on it. The 
heating in the flame is repeated. At first a luminous flame may be 
produced owing to the burning of carbon. This is soon followed by a 
green or bluish green coloration, owing to the vaporization of the 

cupric halide. 

Beilstein’s test, though very simple and delicate, cannot be applied 
in the presence of acids and traces of metallic halides. It is also given 
bv certain compounds containing no halogen, e.g. urea, a volatile 
cupric cyanide being produced in this particular rase. Fmtlier, the 
test does not differentiate the halogens. In case of doubt, or when it 
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is desired to identify the halogen present, the following test is 
applied. 

(2) Lassaigne’s Test. In this test the substance is heated with 
sodium as in the detection of nitrogen. The fused mass is extracted 
with water and the solution filtered. The filtrate is strongly acidified 
Avith nitric acid and boiled so as to decompose the cyanide dr sulphide, 
if present. Silver nitrate is then added ; a precipitate of silver 
chloride (white), bromide (pale yellow) or iodide (yellow) shows the 
presence of chlorine, bromine or iodine in the substance under 
examination. *■* 

The necessity of boiling the filtrate with nitric acid arises out of the 
fact that if the substance contains nitrogen or sulphur, sodium cyanide 
or sulphide is formed. The former gives with silver nitrate a white 
precipitate and the latter a black precipitate. 

Expt. 17. Beilstein^s Test. Show by means of this test that cane-sugar 
contains no halogen. Also show that chloroform and dibromo-benzene contain 
halogen. Further, show that the test is positive when urea (a compound 
containing no halogen} is employed. 

Expt. 18. Lassaigne's Test. By Lassaigne’s test, show that ehloroaniline 
(or quinine hydrochloride) contains a halogen : Note that the precipitate formed 
with silver nitrate is turned violet on exposure to light and is readily soluble in 
cold dilute ammonia. Hence, the halogen present is chlorine. 

10. Detection of Phosphorus. The presence of phosphorus 
in an organic substance can be determined by heating it with (a) 
fuming nitric acid under pressure, (b) sodium peroxide, or (c) a mixture 
of sodium carbonate, and nitrate. The phosphorus is thus 
oxidized to phosphoric acid or sodium phosphate, which is tested 
with ammonium molybdate in the usual manner, 

11. Detection of Metals. To identify the metal present in 

an organic substance, the latter is ignited on a piece of platinum 
foil. The fesidue is then examined for the common metallic radicals 
by the usual methods of inorganic analysis. 

QUESTIONS 


1. WImt do you understand by rfrrttc«/an/ and identificn^ 
Hon of an organic com])Ound ? In what essential respects does qualitative 
organic, analysis differ from qualitative inorganic analysis ? ‘ 

2. How would you know whether a given compound is organic or inorganic? 

, . {Putijab, Inter., 192S) 

8. How would you test an organic compound for the presence in it of (a) 
Hydrogen, {b) Nitrogen, (c) Sulphur, (d) Halogen, and (<?) Oxygen ? 

{Punjab, Inter., 1928} 

4, Describe with practical details the methods for the identification of: 

(i) Nitrogen in an unstabte organic substance, 

(ii) Sulphur in a readily volatile organic compound. 

{Hi) Bromine in an organic substance that also contains nitrogen. 
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12. Estimation of Carbon and Hydrogen (Liebig’s 

Method). Carbon and hydrogen are always estimated in one operation. 
The method employed consists in oxidizing, by means of cupric oxide, 
a known weight of the pure, dry substance and weighing tlie two 
products, namely, water and carbon dioxide. The process is known 
as Combustion, and is carried out in a current of dry oxygen or 
carbon dioxide-free air. 


Apparatus* For tlie purpose of description it is convenient to 
divide the apparatus into the following three parts : — 

(1) Apparatus for Delivering and Purifying Air and Oxygen. 



This consists of the following : — 

(1) Two reservoirs, one containing oxygen and the other air. 

(ti) Two towers, one containing solid potassium hydroxide and the 
other fused calcium chloride, connected to each of the rcserviors. 

{iii) A bubbler, which is a small bottle or bulb tube containing 
a few drops of concentrated sulphuric acid. This serves to show 
the rate at which the air or oxygen is passed through the apparatus. 

(2) Apparatus for Combustion. This consists of the lollowing : 

^ (?') A combustion 

furnace (Fig. 20), 
which is about 
long and has a row of 
burners, each provided 
with a tap, so that 
parts of the combus- 
tion tube could be 
heated as desired. 
Above the burners is 
a long iron trav, on 
which the combus- 

Fig. 20. Combustion Furnace. tion tube is placed 

and which serves to protect the tube from direct contact with the 
flames. The top of the furnace is provided with a number ot tiles. 
Tiicse can be lowered over or raised from above the tube as desired, 
and thus serve to increase or decrease the intensity of healing. 
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.irSTOS vox i.lKJSlG 
(180:?— 1S7:0 
i" was born t't Oarmstadt, 
Germany, in istm. He studied 
clieiiii.st ry first at tlic Gerniiiii 
universities of Bonn and Erlan- 
peii, and then jiroeecded to Ihiri.s 
whieh was at timt time the 
centre of eheinical knowledge in 
Europe. He was furtimate 
enough to become tiie pupil of 
tijc Famous C'hcmist Gay-datssac. 
In 1824 he returned to Germany, 
and at the young age of 21, was 
aiipointed Professor of Chemistry 
in the University ofGiessea. In 
1852 he became Professor of 
Chemistry in the University of 
Munieli. which post he continued 
to hold until his death in 1878. 

lacbig invented the method 
of C^uuntitative Organic. Anaivsis 
now in use. He inve.stigated 
Cf/finates, cifanidrs^ ft'f'foctfanides, 
fhwcf/nnates, and discovered 
hippuric acid, chlmal, chloroform, 
afdchifdc. bcnzil, and ehieidatcd 
constitution of orfianic acids 
amides. In collaboration 

0^ witli VVolilcr he carried out researches on uric acid and Us derivatives. 

[ii) The Combustion Tube. Tins is a hard-glass lube open at both 
ends, and is about 10 cm. longer tlian the furnaoc. It is first cleaned 

[0‘ 

'Ol. sc ■ I . 

'(I)' 

ot 

I fill 

ha* 

tJ5* 

p 

()!* 

lU’; 

1 

ilr Fig. 21 

[f^ and dricfl and then 




O CD ^ 

wU CD Q S 

uj TV ^ 

CD OC 



FURNACE. 


Method of filling the (’oinhnslion Tube. 

filled with dry, ignijed. wire-form cupric oxide, 
to a length of 45 cm. (as shown in Fig. 21), the cupric oxide being 





:56 


MODERN ORGANIC CHEMISTRY 


[Sec. 12 


kept in position bv a short, tightly-fitting roll of copper gauze. 
The 15 cm. copper roll is also put into position as in the figure, wlule 

the space (10 cm.) meant for the boat is kept free. 

(3) Apparatus for Collecting and Weighing the Water and Carbon 

Tlioxide. This is shown in Fig. 22 and consists of . 

(i) A calcium chloride U-tube, provided with a trap at the side. 
The ereater part of the water produced during the combustion collects 
in the trap, while the rest is absorbed by the calcium chloride. 
Nowadays, there is a tendency to using pumice-stone soaked in con- 
centrated sulphuric acid instead of fused calcium chloride. 

(^S Potash bulbs, three-fourth filled with concentpted potassium 
hydroxide solution (1:1-5). This is effected by dipping the end a 
into the solution and Mntly sucking at the end b by means of a piece 
of rubber tubing, an empty wash-bottle being interposed between 
the mouth and the potash bulbs to prevent the passage of the 
into the mouth. Attached to the bulbs is a horizonta,! tub^ c, winch 
is filled with small pieces of solid potassium hydroxide, ^le latter 
serves to catch moi^sture carried away by the gas during its passa^ 
through the potassium hydroxide solution, and, 

cLbon dioxide that might escape absorption in the bulbs. Soda-hme 
is sometimes preferred to aqueous potassium hydroxide, as it absorbs 

carbon dioxide more quickly. 






T7icr Absorption Apparatus and Guard tube. 

XausLidtuhe G containing calcium 'chloride, which serves to 

protect side ^ atmospheric 

™^te'complete set-up of apparatus for the estimation of carbon and 
hydrogen is shown in Fig. 23, 
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Absorption Apparatus. 

A 



Procedure, The procedure may be divided into three stages : 

(1) Igniting the Cupric Oxide. Before introducing the substances 
^ to be analysed and making a connection with the absorption appara- 
tus, it is absolutely necessary to ignite the cupric oxide. This is 
'brought about by gradually lighting all the burners beneath the 

combustion tube, and passing a slow current of pure dry air through 

It. The water that may condense at the forward, cool end, b, of the 

tube is removed with a piece of filter paper wrapped round a glass 

rod. When no more moisture collects, the front end, of the tube 

IS closed with a rubber bung carrying a calcium chloride tube. After 

about half an hour’s heating the burners under the oxidized copper 

roll, the adjacent empty space, and about 5 cm. of the wire-form 

cupric oxide layer that lies next, are put out, and the current of air 
stopped. 

(2) Weighing the Substance and the 
'vhile the rear part of the tube is cooling, 
the substance to be analysed (about 0*2 gm.) 
and the two absorption vessels are weighed 

PriA j ’t 1 . *1 ' * ' 


f . 

D 

d 
:b 

el 
£te 

j 

fhe substance, unless volatile, is weighed 
ijf in a porcelain boat (Fig. 24, A) which has 
;bj previously been ignited and cooled in a 
Jkdesiccator, A volatile liquid must be 
weighed in a 'small stoppered tube (Fig. 24, 

B) or in bulb tube (Fig- 24, C) which is 
siealed before weighing. 

(•^) Combustion. When tlie rear end, a, 

^1 the combustion tube has cooled, the 
oxidized copper roll is taken out with a wire, 
the boat containing the weighed amount of 
the substance is introduced, the roll placed, 

^ind the connection of the combustion tube with the purifying appara- 
jst’tus and the absorption apparatus made. In the case of a volatile 
l^efidiquid, the scaled off end is filed and broken off. The bulb is then 
placed ill the boat w’ith its open end raised and directed towards the 
j {in‘Oupri(. oxide layer. 

A slow current of oxygen (2 bubbles per second) is now admitted 
the tube. Flames under the oxidized copper roll are just lighted, 
^nd their size gradually increased, until, finally, the spiral is brought 
to a dull red heat. Next, the burners under the unheated cupric 
oxide are gradually lighted, great care being taken not to allow any 
uarne near the boat to become too large. 

Now conies the most diflieult part of the procedure, upon which 
depends the success of the analysis, namely vert/ gradual heating of the 



2-t, Apparatus for 
\Vcighing the Substance. 
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substance The heating must be started with a single small flame, 
which is gradually lighted. Next the tiles on one side of the tube are 
put on, and thep on the other, finally the flames are turned lu . 
the case of a readily volatile substance, the heating should not be^ 
started with the flame, but by covering the pju-t of the combustion > 
tube containing the boat with hot tiles taken irom the heated front 

proticn of the furnace. .^>11/. i 1. on 

When the burners under the boat have been burning full for about iU 

minutes the combustion is regarded as being over. Any moisture 
that mi^ht condense near the ends of the tube is driv’en over into the 
absorptfon apparatus by heating with a small flame or better by a hot 
tile. In order to completely sweep out the products of combustion into 
the absorption apparatus, the rate of the passage of oxygen is some- 
what increased. Finally the oxygen in the absorption apparatus is 
replaced bv aird and after allowing to cool to the room temperature, 
the calcium chloride tube and the potash bulb are weighed. 1 e 
increase of weight in the two cases gives, respectively, the amount ot 
w’ater and carbon dioxide produced during the combustion. 

Example. On cojnhustion, 0'210 gm. of ghwose gave 0’307 grn. of 
carbon dioxide and 0^127 gm. of water. What is the percentage oj carbon 
and of hydrogen in the ccwipowna 7 

12 


Wt. of carbon in 0*307 gm. of CO2=^^0*307 x 7-gm. 


12 100 

Percentage of carbon = 0*30< ^4.4.^0*210 


4-4- 

-39*9 


Wt. of hydrogen in 0 127 gm. of H2O — 0 12/ X 


9 


100 


Percentage of hydrogen — 01‘2< ^ig^o-^jo ® ' 


13. Estimation of Carbon and Hydrogen in the 
presence of Nitrogen, Halogens, Sulphur or Phospho-, 

rn« When the sulistance contains nitrogen a Ireslily reduced coil of 
copper gauze is placed in the extreme front part of the cornbustion' 
tube This serves to reduce the acidic oxides of nitrogen r\hich wou ' 
otherwise be absorbed by potassium l)ydroxide in the bulbs. I 

When the substance contains a *rt/o«en but no sulphur, a co” 

silver gauze is used. This is kept cool, and serves to decompose tM^ 
volatile halides of copper that may be produced during the combustion 
In anaivsing a substance containing a halogen, siilphur, or phosphorus- 
the usual practice is to use lumps of fused lead cbromate instead o 
cupric oxide. Lead chromate acts as a powcriul oxidizing agent at 

high temperatures : — ^ , -r. 

^ ‘2Pl)CrO, — ^2Pb-i~CrjOa-f .> 0 . 


“ Ml This is not done The appareiit weight of U apparatus nviIT ^ 

more tlian its actual weight. 
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It has a distinct advantage over cupric oxide, as the salts of lead 
(namely the halides, the sulphate, and the phosphate) are far less 
volatile and much more stable than the corresponding salts of copper. 

14. Djsnnstedt’s Method. This method was introduced in 
1906, and is now employed in many laboratories. It has an advantage 
over Liebig’s method in that no combustion furnace is required and 
a great saving of gas is efl*ectcd. The principle underlying this 
method consists in passing a mixture of oxygen and the vaporized 
substance over a catalyst, consisting of platinum, platinized quartz, or 
platinized asbestos. Water and carbon dioxide are caught in weighed 
tubes containing calcium chloride and soda-lime respectively, 

In case the substance under examination contains nitrogen or sul~ 
phu7\ it yields, in addition, NOg in the former case and a mixture of 
SOg and SO 3 in the latter. Before being admitted into the absorption 
apparatus, the gases are passed over heated lead dioxide, which 
absorbs NOg, forming lead nitrate, and also SOg, and SO 3 , forming lead 
sulphate. The last named substance can be separated and weighed. 
Thus it is possible to estimate carbon, hydrogen and sulphur in one 
operation. 

If the organic substance contains both nitrogen and halogen (e.g, 
substituted quaternary ammonium and azonium halides) the products 
I of combustion are passed over heated silver spiral (or molecular 
silver) contained in a porcelain boat, placed in the front part of the 
tube. The oxides of nitrogen are thus reduced to free nitrogen which 
escape. The halogen is retained b)’’ silver. The gain in weight of the 
porcelain boat gives the weight of the halogen. Carbon, hydrogen and 
halogen are estimated in one operation in this way. 




15. Estimation of Oxygen. There is no direct method 

for tlie estimation of this element. Its amount in an organic sub- 
stance is always found by difference (.Sec. 6 ). 

16. Estimation of Nitrogen. There are two different 

methods in general use for tlie estimation of this element : — 

H) Dumas’ Method. This method consists in ‘"combusting” the 


substance with cupric oxide in a current ol carbon dioxide, decomposing 
tmy oxides of nitrogen formed, by passing the gases over a heated 
spiral of metallic copper, and collecting the nitrogen over a strong 
solution of potassium hydroxide. The apparatus employed is shown 
ui Fig, 25, It consists of : (?) a combustion tube open at both cuds, 
and about lo cm. longer than the bed of the oombustion furnace 
to be us(‘(|, (//) (’(>2 genera ter which generally consists ol’ hard-glass 
tiil)c char«M‘fl wiih sodium i)icarbonate, (iH) a nitrometer, which con- 
sists of ii graduated glass tulie, provided at the top with a funnel and 
^ ltq>, and at the base with a merenry trap and a levelling bulb, and 
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• = * 

Fig. 25. Kstimation of Nitrogen by Dumas’ Method. 

I 


Dumas was born on July, 14 
1800, at Alais, France. He dis- 
covered the well-known method 
for the estimation of nitrogen in 
an organic substance and also a 
method for the determination of 
vapour densities. He investigated 
the nature of oxamides and of 
ethyl oxamatCy isolated methyl 
alcohol and established tlie doc- 
trine of homology. Dumas was an 
admirable speaker, and possessed 
rare literary gifts. He exereised 
great influence in scientific and 
acadeinic circles in France. 




V 


k 


JEAN BAPTISTE ANDRE DOIAS 

(1800 — 1884) 
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{iv) a “bubbler,” i,e., a small size gas -washing bottle rontaining sonie 
concentrated sulphuric acid which is interposed between the COo 
generator and the combustion tube, and serv^es to show the rate at 
which the gas is passing. 

The nitrometer is charged with a 50 per cent solution of potassium 
hydroxide, and the combustion tube is filled as shown in the figure. A 
weighed amount of the substance is intimately mixed with fine cupric 
oxide, and the mixture is introduced into the tube through a funnel. 
The mortar is rinsed out several times with small quantities of fine 
cupric oxide, and the rinsings also introduced into the tube. The 
weight of the substance taken should be sufficient to give 30 to 40 c.c. 
of nitrogen. The copper coil in the front end of the tube is reduced by 
heating it strongly in a blowpipe flame and dropping it into a test-tube 
containing a few drops of methyl alcohol, whicii is then removed by 
placing the coil under reduced pressure. Before being used, cupric 
oxide should be strongly ignited, fn-order to remove all organic nitro- 
genous matter. The coil in the^gck md of the tube is oxidized by 

Stroncrlv irrnifinfr if in nir ! wl 


strongly igniting it in air. 

After being properly filled, t' 


is placed in the furnace and 


connected to the COg generator and the nitrometer. The solution in 
the nitrometer is run out by opening the tap and lowering the level- 
ling bulb. The tube containing sodium bicarbonate is now heated to 
obtain a fairly rapid current of carbon dioxide, which drives the air out 
of the apparatus. The issuing gas is tested from time to time by filling 
the nitrometer with potassium hydroxide solution. When the air in 
the apparatus has been completely expelled, as shown by the gas 
bubbles being completely absorbed by the alkali solution in the 
nitrometer, the latter is completely filled with potassium hydroxide 
solution, and the heating of the combustion tube started as follows : — 
First the burners are lighted from the nitrometer end to about 0 
inches of the substance. When this part of the tube is at a dull red 
neat, the heating is commenced from the other end, and gradually 
extended towards the substance. At this stage, the pfissage of carbon 
dioxide will have to be slowed do\ m. Tlie heating of the bicarbo- 
nate and of the substance should be so controlled that the gas enters 
into the nitrometer in a regular stream (about 2 bubbles per second). 
Aowards the end, the stream of carbon dioxide will, of course, have 
to be again increased. When the gas bubbles arc ])cing, once again, 
completely absorbed, the combustion may be taken to be ov'cr. The 
nitrometer is now disconnected, the gas is allowed to cool down to 
the room temperature, and its volume recordefl. After reading the 
barometer, the voliime is reduced to X.T. P. The tension of 5(i per 
^ent potassium hydroxide solution at the room temperature rnr.y be 
Cither read from the table, or taken to be approximately two-tliird 
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that of the water vapour al the same temperature. From the volume 
of nitrogen corrected to N.T.P. its percentage by weight is calculated. 


Example 2. 0'188 gm. of an organic compound gave ^ on combustion^ 

3T8 cx. of moist nitrogen measured at 14°C and 758 mm, pressure. What 
is the percentage of nitrogen in the compound ? Aqueous tension at 
14^C=T2 mm.) 

Volume of dry nitrogen reduced to N.T.P. 


= 31*8X 


273 


273+14 


758-12 

c.c. = 29w c.c. 


I 


Now, 22 *4? litres of Nitrogen at N.T.P. weigh 28 grams. 
Weight of 29*7 c.c. of nitrogen at N.T.P. 


= 28X 


29* 




22*4 X 1000 


= C-0371 ffm. 


Percentage of nitrogen in the compound 

100 , ^ „ 

(2) Kjeldahl’s Method. This method consists in heating the sub- 
stauv’e with concentrated sulphuric acid and potassium sulphate. The 
latter serves to raise the boiling point of the liquid and thus facili- 
tates the oxidation of the substance by sulphuric acid. A small 
quantity of mercury, mercuric oxide, manganese dioxide, or cupric sul- 
phate is also added to facilitate oxidation. Carbon and hydrogen of 
the substance get oxidized to water and carbon dioxide respectively, 
while the nitrogen is converted into ammonia, which combines with 
the excess of the acid present to form ammonium sulphate. After the 
reaction is over, the mixture is distilled 'with an excess of sodium 
hydroxide solution and the ammonia set free is estimated by absorbing 
it in a measured excess of standard acid. 

The method gives good results with amines, ammonium compounds, 
amino-acids, proteins and related compounds, pyridine and quinoline 
derivatives, and alkaloids. It is employed particularly in agricul- 
tural laboratories for the analvsis of food-stuffs. manures and other 
products. In analysing nitro-, azo- or azoxy-compounds and nitrates, 
or nitrites, the substance must be reduced before submitting the same 
to kjeldahlizing. 

An accurately weighed quantity (about 0*5 gm.) of the finely powder- 
ed substance, together with about 20 c.c. of pure concentrated sulphu- 
ric acid, about 10 gm. of anhydrous potassium sulphate and a small 
crystal of copper sulphate, is heated in a Kjehlahl flask (Fig. *2<jA). 
Since large quantities of sulphur dioxide are evoh’ed, the heating must 
be conducted in a fume closet. The completion of the process is indi- 
cated by the reaction mixture (which first turns very dark) becoming 
clear and colourless. 






1 ► 
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The reaction mixture, after it has cooled somewhat, is transferred 
together with rinsings, to a round-bottom llask provided with a tap- 
funnel and connected, through a trap and a vertical condenser, with a 
conical llask containing a measured volume (50 c.c.) of N/10 H2SO4 
(See Fig. 2G B). An excess of caustic soda solution (40 grams of NaOH 
in 100 c.c, of water) is run in from the tap-funnel, and the mixture 
boiled for about half an hour. At the end of this time, the excess of 

the acid in the conical flask is titrated with N/10 sodium hydroxide, 

using methyl orange as indicator. 



Fit;. KieldahlN Metliod of the* Estimation of Nitrogen. 


Expt. 19 Find the percentage of nitrogen in acetanilide by Kjeldahrs 
method. Use about lialf a gram of the substance, and proceed as described above. 

Example 3. In a Kjddahl nitrogen estimni ion theainmonia result ing 
^rom 0 A12 gm. of the substance was distilled into oO c.c. of N 'lO lIoSO^. 
The excess of the acid required I LO c.c. of NilO NaOIl. Calculate the 

])ercentage of nitrogen in the substance. « 

14*() c.c. of NMO NaOH are equivalent to 14*0 c.v.. of N/10 HaSO^. 
V'^oluine of N/10 H2SO4 neutralized by ammonia that is evolved 


=50 — 14’0 c.c.=30'0 c.c. 

30 c.c. of N/10 H2S0.,-^36 c.c. of N, 10 NH jOH 
Now, the amount of combined nitrogen contained in 1 litre 0/ normal 

NIl40iH=14 gni. ^ 

Amount of nitrogen contained in 30 c.c. of N/ I0*NH4OII 

1 

= 14 X - — X \ giTi. = 0 0504 gm. 
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Hence the percentage of nitrogen in the substance 

=0*0504 x~^ per cent=ll*4 per cent. 

17. Estimation of Halogens, (i) Carius’ Method. The 

estimation of a halogen by this method is carried out 
by heating the substance with fuming nitric acid 
in the presence of a few crystals of silver nitrate 
in a sealed tube. Carbon and hydrogen arc oxidized to 
carbon dioxide and w^ater, while the halogen forms 
silver halide, which is collected, washed, dried, and 
weighed. 

The estimation is carried out in a “bomb tube” — - 
a special .Jena glass tube with thi(rk walls to with- 
stand pressure. About half a gram of powdered 
silver nitrate and about 4 c.c. of pure, fuming nitric 
acid (sp. gr. 1*5) are placed in. the and then a 

small narrow test-tube containing an accurately 
.weighed quantity (about 0'2. gm.) of the substance 
is allowed to slide dow’n into the inclined bomb tube. 
The test-tube w*ill stand in the acid wdth its open 
end clear (Fig. 27). The upper end of the bomb 
tube is then carefully sealed off, and the tube is 
wrapped in asbestos paper and heated in a bomb 
furnace (Fig. 28) at 150 — 200°C for about 6 hours. 
When the furnace has cooled dowm, the capillary end 
of the tube is carefully opened, and the contents w^ashed out into a 
beaker by means of distilled water. The precipitate of silver halide is 
separated, dried and weighed. 

Example 4. 0'369 gm. of a substance gave 0'568 gm. of AgBr. 

Find the percentage of 
bromine in the substance. 

Since 188 parts by w^eight 
•of AgBr contain 80 parts 
of bromine, the quantity 
of bromine in 0*568 gm. of 
AgBr 

= 0*568 gm. 

Hence, the percentage 
of bromine in the substance 

80 100 ^ 

0 568 X X Fig. 28. Bomb Furnace. 



Fig. 27. Carius’ 
Tube. 
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, 2 ) Stepanow*s Method. The Carius' method has certain draw- 
backs. Owing^to high pressures developed iu the tube, explosions 
may sometimes occur. Further, the method does not give good 
results with compounds containing iodine partly on account of the 
solubility of silver iodide in nitric acid and partly on account of the 
liberation of free iodine. Other methods have, for these reasons, been 
devised for the estimation of halogens. One of these is that of Stepa- 
no\\% which is not only easier in manipulation but also gives quite 
reliable results even in the case of iodine compounds. 

A known weight of the substance is boiled with 98 per cent alcohol 
under a reflux condenser, and an excess of sodium metal is gradually 
added. Thus hydrogen and sodium alcoholate are formed. The 
halogen of the compound gets replaced by hydrogen, and the halogen 
hydracid produced at the same time reacts with sodium alcoholate 
to yield sodium halide and alcohol . 

RI + ‘2H — ^RH + HI 
CaH,ONa f H I — > CjHsOH-f Nal 

After distilling off the alcohol, the residue is acidified with nitric 
acid and the halide estimated volumetrically by Vohiard’s method. 

18. Estimation 9 f Sulphur and Phosphorus. (Carius* 

Method). The estimation of these two elements is carried out in a 
manner similar to that employed in the case of halogens, but without 
the addition of silver nitrate. Sulphur and phosphorus get oxidized 
to sulphuric and phosphoric acids respectively. These are estimated 
as barium sulphate and ammonium phosphomolybdate as in inorganic 
analysis. The phosphoric acid can be estimated also by precipitation 
as Mg(NH4)P04, which is then ignited and weighed as Mg^Pg^?* 

19. Micro-analysis. in certain bio-chemical processes, 
only minute quantities of valuable products are obtained, which are 
too small to be analysed by the ordinary methods of analysis. Hence 
in this branch of organic research simplified methods of ‘*micro-ana- 
lysis” have recently been devised, which have the further advantage 
oi effecting a saving of gas and time. • A fcAv milligrammes of the 
substance to be analysed are weighed on a micro-chemical balance and 
combusted by means of CuO and PbC’r04 in a current of oxygen. The 
<!ombustion apparatus is of a special design and is much reduced in 
size. The resulting CO2 and H2O are absorbed in the usual manner. 
The nitrogen is estimated volumetrically by micro-Dumas’ or micro- 
Kjeldahl's method. 

QUESTIONS 


1 . Give witli praetioal details the a])paratus that you would use for deter- 
•'lininji; the percentage composition of glucose. What modification in tlic appara- 
tus would be necessary if you arc required to estimate tJie percentage of carbon 
and hydrogen in (a) acetamide, and (b) acetyl chloride ? 




f 
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2. 0-2398 gm. of an organic substance, containing only C, H, and O, gave on 

combustion, 0*3500 gm. of COg and 0-1446 gm. of Calculate the percentage 

composition of the substance. {Ans. C=39-9% ; H — 6*7% ; 0=53*4%) 

3. Describe how you would analyse an organic compound quantitatively for 

nitrogen (Dumps’ method). Indicate the function of each of the important parts 
of the tube. {Punjab, Inter., 1930) 

4. An organic compound gave the following results on analysis : — 

0-1335 gm. gave 0-2943 gm. of COj and 0*0603 gm. HgO. 

0-085 gm. gave 26-4 cle^ of dry nitrogen measured at 27® and 750 mm. 

Calculate the percentage of C, H and N in the substance. What reason have 
vou to believe that the substance contains no oxygen ? 

^ {Ans. C=60%; H = 5% ; N = .35<» 


« 


Describe Kjeldahrs method for the estimation of nitrogen in organic 
compounds. To wliat important classes of organic substances is the method 
applicable ? 

6. \n organic compound gave the following results on analysis : — 

0-197 gm. gave 0*293 gm. COo and 0-150 gm. HgO. 

By Kjeldahrs method 0*59 gm. recpiired 10 c.c. of normal H2SO4 for die 

neutralization of ammonia. 

Ans. C=40-6% ; H=8-5% ; X = 23*7% ; 0=27*2%) 

7. Describe in detail how you would proceed to estimate the percentage of 

nitrogen in a sample of cheese. .... 

8. Explain Carius’ method as applied in quantitative analysis of organic, 

compounds. What elements mav be estimated by this method ? 

{Punjab, Inter., 1920) 

9. Describe Dennstedt's method' of analysis of organic compounds, and 
point out its advantages. 


CHAPTER IV 


detetiminatiox of empirical axd molecular FOILMUL-E 

20. Calculation of Empirical Formula. From the per- 

centage composition of tJie substance, deterniined as given in the last 
chapter, the empirical formula, (which is the simplest expression of 
the ratio of the atoms of different elements present in the molecule), 
is calculated as follow’^s 

(1) The percentage of each element is divided by its atomic 
weight to get the relative number of atoms of the various elements 
present. 

(2) The quotients thus obtained are then simplified by dividing 
them by the low'est value. The figures obtained either already are, 
or may be reduced to whole numbers, which express the simplest 
ratio of atoms of the various elements present. 

Example 1. The analysis of a substance containing carbon, hydrogen, 
■and oxygen gave the following results : — , 

C^68^S4%; H^4’92%; and (by difference) 0^26‘24%, Calculate 
the empirical formula. 

Dividing the percentage of each element by its atomic weight w'e 
^et the atomic ratio, 

^ C8-84 

C=-— =5*74 


12 
4-92 

H=^^=4*92 


^ 2G'24 

0= — = 1-64. 
10 




Dividing by the smallest number, 1*64, we get the simplest atomic 
^ ratio": C=S*5, H=:3, 0 = 1. Hence the empirical formula of the 
substance is C^IIgOg. 

,21. Determination of Molecular Formula. To deter- 

■n^mc the molecular formula of a substance we must know : (1) the 

47 
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empirical formula, and (2) the molecular weight. The molecular 
weight is divided by the empirical formula weigiit to get the nearest 
whole number. The empirical formula is then multiplied by this 
number to get the molecular formula. 

To take a specific example, analysis shows the empirical formula 
of acetic acid to be CHgO. Its molecular weight is found to be 60. 
We have 


20)„=60; whence n=2. 





The molceular formula of acetic acid is, therefore, (CH20)2 or 


C0H4O 


The molecular weights of organic compounds are almost invariably 
determined by physical methods given below. In a few cases 
chemical methods may also be helpful. 


22. Molecular Weights of Volatile substances. From 

Avogadro’s hypothesis it follows that equal volumes of different gases 
or vapours under similar conditions of temperature and pressure 
possess weights in the ratio of their molecular weights (since the 
number of molecules in eaeh case is the same). Conversely a gram- 
molecule the molecular weight expressed in grams) of any gas or 
vapour must occupy the same volume under similar conditions of b 
temperature and pressure. The volume occupied by a gram-molecule f 
of a gas at N. T. P. is termed the gram-molecular volume (G. M. V:), 
and is found to be equal to 22*4 litres. This relation is made use of 
for the determination of molecular weights of gases and volatile 
substances. Another relation that is employed for the molecular 
weight determination of a substance in the gaseous state is the . 
following : — * \ 




1 

t 

t 

r 

4 

P 


Mol. Wt.= Vapour Density X 2 . 




# ♦ 


23. Victor Meyer’s Method. Of the various methods that | 

are available for the determination of molecular weights of volatile 
substances (see a text-book of Physical Chemistry), Victor Meyer’s ’ 
method is the one almost universally .employed in actual practice. 

A known weight of the substance is allowed to vaporize very rapidly. 
The vapour displaces its own volume of air which is coUected over 
water and measured under the atmospheric conditions of temperature 
and pressure. 


The apparatus employed is shown in Fig. 29. The inner tube, 
A, is thoroughly cleaned and dried, and an asbestos pad or a little 
sand is put at its bottom. It is then placed in the outer tube, B, 
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<‘ontaining a liquid the boiling-point of which is at 
than that of the substance whose molecular weight 
is to be determined. The inner tube is corked, 
the end of the delivery-tube is immersed under 
water, and the liquid in the outer lube is boiled. 

hen the temperature has become constant {i.e,, 
when no more air bubbles escape from the deliv’ery 
tube), a graduated tube, G, filled with water is 
inverted over the end of the deli very- tube as 
shown in the figure. The cork is then momentarily 
removed and a weighed amount (0*1 — 0*2 gin.) 
of the substance contained in a tiny, stoppered 
bottle, is introduced. Since the temperature inside 
the tube is much higher than the boiling-point of 
tlie substance, the latter vaporizes rapidly and 
blows the stopper out of the tiny bottle. The 
vapour, rising up the tube, drives its own volume 
of the air into the measuring tube. The suddenness 
of vaporization and the shape of the tube are 
responsible for the displacement of air by the vapour 
of the substance. 

The measuring tube is now levelled in a hydro- 
meter jar containing water, and the volume of 
the air noted. The temperature of the water in 
the trough and the barometric pressure are also 
recorded. 


least 20° higher 



Fig. 29. Victor 
Meyer's .Vppar;itiks, 


Example 2. In a Vidor Meyer apparatus, 0A46 gm, of chloroform 
displaced 30^5 cx. of air, measured over water at the barometric 

pressure being 756 mm. Calculate the molecular iveight of chloroform. 
{Aqueous tension at 22°C=20 mm.) 

Barometric pressure = 755 mm. 

Aqueous tension at 22°=20 mm. 

Pressure of dry air=735 mm. 

Volume of dry air reduced to N. T. P. 


=30*5 X 


273 X 735 
295X^00 



c.c. 


Hence, 014C gm. of chloroform, when in the state of vapour would 
occupy 27*2 c.c. at N. T. P. Therefore, the weight of the substance 
that would occupy 2*2*4 litres at N. T. P. 


=0*146 X 


22*4X1000 

^'2 


gm. = 120 gm. 


.*. Molecular w'eight of chloroform =120* 
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The following table gives the freezing-points of a few common 
solvents and the values of Ky as determined experimentally : — 


Solvent 

> 

jk 

Freezing-point 

Molecular depression (K) 

AVater ••• 


19 

Acetic Acid 

17° 

39 

lienzene 

6° 

52 

Phenol 

40“ 

75 

Naphthalene 

80“ 

69 

Cani{)hor 

175“ 

400 


The last three solvents are very useful since their melting-points 
are above the ordinary temperature and no cooling arrangement is, 
therefore, necessary. The high value of their depression constants 
and the non-hygroscopic nature of the last two are additional 
advantages. Camphor is specially noteworthy, since its molecular 
depression is so great as to make possible the use of an ordinary 
thermometer and a melting-point tube. 


24. Molecular Weights of Non-volatile Substances. 

It is of course impossible to determine the molecular weight of a 
non-volatile substance (such as cane sugar) by Victor Meyer’s method. 
In such a case the following two methods, based on the laws of 
osmotic pressure, are generally used. One of these methods involves 
the determination of the depression of the freezing-point, and the 
other the elevation of the boiling point of a pure solvent, caused by 
a given weight of a non-polar substance, 

"^ 25. Freezing-point Method- It can be shown (see a text- 
book of Physical Chemistry) that equimolecular quantities of different 
solutes dissolved in a given quantity of the same solvent produce the same 
depression of the freezing-point. 

The depression of the freezing-point produced by. dissolving a 
gram-molecule of any non-electrolyte in 100 grams of a given solvent 
is termed the molecular depression of a solvent, and is denoted by 
K. Now, since the depression of the freezing-point is proportional to 
the quantity of the solute present, if we determine experimentally 
the depression, A» produced by s grams of the solute dissolved ’ in 100 
grams of the solvent, we can readily calculate the molecular weight, 
iU, of the solute from the relation 

M K 




¥ 


; 



w 


is 


is 




It 


'MOLECULAR FORMULAE 


51 



c. 25.1 


ieckmann’s Apparatus. The Beckmann' apparatus fFiji io 
the one chieily used for the determination of mo^Lufar light byte 
freezing-point method. It consists of the following parts ^ 

(i‘) A freezing-point tube, A, having a side-tube 
for introducing the solute and provided with a 
thermometer of a special design and a platinum 
stirrer, P. The thermometer has a scale compris- 
ing 6° and reading up to one-hundredth of a degree. 

The quantity of mercury in the bulb can be 
increased or decreased as desired by handling the 
small reservoir of mercury at the top of the scale. 

This makes it possible for the thermometer to be 
used for solvents having widely different freezing- 
points. • ^ 

{ii) A wider tube, B, into which the freezing- 
point tube is fitted by means of a rubber ring. 

This provides an air-space round the freezing-point 
tube and keeps the latter from coming into direct 
contact with the freezing mixture. 

{Hi) A stout glass cylinder, filled with a suitable 
freezing mixture, in the cover of which is fixed the 
outer tube, B, as shown in the figure. A stirrer, *y, 
also passes through the cover, and serves to stir 
up the freezing mixture. 

From 15 to 20 grams of the solvent are placed 
in the tube. A, and weighed. The apparatus is 
set up as shown in the figure, and the glass 
cylinder is filled with a freezing-mixture at a 
temperature about 5° lower than the freezing-point 
of the solvent. A is removed from the air jacket 
and placed directly in the freezing mixture until 
the temperature of the solvent falls about half a degree below its 
freezing-point. The tube is then placed in the air-jacket and the 
liquid in it vigorously stirred. The crystals of the solvent begin to 
separate, and the temperature rises to a maximum which represents 
the freezing-point of the solvent. The operation is repeated to 
confirm the result obtained. 

The tube, A, is now taken out of the air-jacket and a carefully 
weighed amount of the substance, the molecular weight of which 
IS to be determined, is introduced through the side-tube. The liquid 
IS stirred in order to dissolve the substance, and the tube is put back 
t into the air-jacket. When the liquid has become slightly overcooled, 

It is stirred once again, and the maximum temperature reached is 



Fig. 30. Beckmann’s 
Freezing-point 
Apparatus. 
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recorded. This gives the freezing-point of the solution. Another 
weighed quantity of the substance may be added to the same solution 
and the freezing-point determined. 

(2) Eykman’s Depressimeter. For a rapid deter- 
mination of the depression of the freezing-point, 
Eykman’s apparatus (Fig. 31) is very convenient. 
It consists of a small flask, into the neck of which 
is ground a thermometer of the Be^'kmann type, 
but divided into twentieths of a degree. The 
combination is placed in a glass cjdinder, where it 
is supported at the top by means of a cork and 
at the bottom by cotton wool. The latter, being 
a bad conductor of heat, retards cooling. Phenol 
is usually employed as the soh ent. It is melted 
on a sand bath and poured into the flask so as to 
fill about three-quarters of it. The weight of the 
solvent is found by weighing the flask (along with 
the thermometer) before and after the introduction 
of phenol. The melting-point of the pure solvent 
(as indicated on the scale) is now determined by 
warming it until melted, and allowing it to cool in 
Fig. 31 . glass cylinder with occasional shaking, until 

Eykman’s crystallization sets in. A weighed quantity of the 

Depressimeter, substance under investigation is then introduced 

and the freezing-point determined once again. 

Example 3. 2' 167 and 2' 833 gm, vf a substance were dissolved in 

100 grn. of benzene. The depression of the freezing-point were 0%348^C 
and 0A52'"C respectively. What was the molecular xceight of the sub- 
stance ? The molecular lowering of freezing-point o*' benzene is SO^C. 

{Punjab, B.Sc. Hons., 1921) 

If M is the molecular weight of the substance, we have 

M^K 

s ~ A 

where A is the depression of the freezing-point produced by s gm. 
of the substance dissolved in 100 • gm, of the solvent. In the first 

experiment, 

5=2*167 gm. 

K=50 

A==0-348°, 

Substituting these values in the above formula, we get : 



A/= 


50X2*167 

0^48 


=311 
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Similarly, from the second experiment we have 


, , 50 X 2*833 

— =313. 
0-452 


Hence, the mean value of the molecular weight from the experi- 

ments=312. 

Boiling-point Method. As in the case of the depression 
of freezing-point, it can be shown that equimolecular quantities of 
different solutes dissolved in a given quantity of the same solvent produce 
the same elevation of the boiling-point. 

UM is the molecular weight of the substance, s the quantity of 
it in grams dissolved in 100 grams of the solvent, K the molecular 
elevation of the solvent {i.e.^ the elevation of the boiling-point 
produced by dissolving a gram-molecule of any non-electrolyte in 
100 gm. of the solvent), and A the observed elevation of the boiling- 
point, we have, as before : 

M K 


s A 

The following table gives the boiling points and molecular elevations 
of the solvents ordinarily used : — 


Solvent 

point 

K 


Water 

100® 

5*2 

5*4 

Ktliyl alcohol 

78*0® 

11*5 

15-6 

Ether 

,350® 

21*1 

30*3 

Benzene 

80*4® 

20*0 

32*0 

Chloroform 

01*0® 

30*0 

27-0 

Acetone 

so-a® 

17*2 ; 

22*2 


The constants in the last but one column, K, refer to 100 grams of 
the solvent; those in the last column refer to 100 c.c. of the solvent 
at its own boiling point. These latter are used if we measure the 
volu7ne of the solution instead of finding its weight. 

Landsberger’s Apparatus. The most convenient apparatus 
to use for the boiling-point determination is due to Landsbcrger 
(Fig. 32). It consists of the following parts : — 

(1) A boiling flask, F, in which the pure solvent is boiled. 

(2) A bulbed inner tube, By which is graduated in c.c’s. and has 
a hole, //, just a]>ove the bulb. It is provided with {?) a delicate 
thermometer, reading up to one- tenth of a degree,, and (//) a 
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tube, T, which leads the vapour of the solvent from 

the boiling flask into the liquid placed in B, 
The lower end of this tube has a rose of 
small holes so as to effect a uniform distribu- 
tion of the vapour through the liquid. The 
bulb serves to prevent portions of the liquid 
from being thrown out through H if the 
boiling becomes vigorous. 

(3) An outer niantle, M^ the lower end of 
which is connected to a condenser, C. The 
vapour from the boiling liquid in escaping 
through the hole H, forms a hot jacket round 
B and thus protects it from losing heat by 
radiation. 

At first the boiling-point of the solvent 
is determined by placing 5 to 7 c.c. of it in 
B and passing the vapour of the boiling 
solvent from F into it. As soon as the tem- 
perature -has become constant (which, as far 
as possible, should synchronize with the bulb 
of the thermometer being just completely 
covered by the liquid), the thermometer 
reading is taken. The boiling is now tem- 
porarily stopped, and the greater part of the 
liquid in B is poured back into only 5 to 
7 c.c. being allowed to remain behind. A 
weighed amount of the substance whose mole- 
cular weight is to be determined is added to 
the solvent and the boiling-point determined as before. As soon as 
the temperature has been read off, the flask, F^ is diconnected, so that 
more vapour might pass over. The thermometer and the delivery- 
tube are removed, and the volume of the liquid is read off, (or its 
weight determined. A second determination is made by passing in 
more of the vapour until the boiling-point is once again reached. 
The method of calculation is exactly similar to that given in the case 
of the freezing-point method. 

Example 4. 0-562 gm, of a carefully purified substance when 

dissolved in 12-7 gm. of carbon disulphide {K:=23-7) raised the boiling- 
point of the solvent by 0-7 8F, Calculate the molecular weight of the 
substance. 

The quantity, S, of the substance present in 100 gm. of carbon 
disulphide 

0-562x100 
^ f2.7 " 


Fig. 32. Landsberger’s 
Apparatus. 
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K for carbon disulphide =23*7. 

Elevation of the boiling-point, At caused by 4*42 gm. of t 
substance dissolved in 100 gm. of carbon disulphide =0*784°. If M 
the molecular weight of the substance we have 

M^K 

s A 

,, 23*7 X 4* 42 

.’. M=- 


thc 
is 


0*784 


= 134. 


27. Determination of Molecular Formula by Chemi- 
cal Methods. Excepting the method given below for the determi- 
nation of the molecular weight of a gaseous hydrocarbon, no purely 
chemical method is known by which the molecular weight of a 
substance can be established with certainty ; all that we might do 
is to obtain information respecting the minimum value of the 
molecular weight or its reacting weight. The following are the impor- 
tant cases where chemical methods are helpful : — 

(1) Gaseous Hydrocarbons. The molecular Ibrmuia of a gaseous 
hydrocarbon can be determined as follows, no previous quantitative 

elementary analysis being necessary : — 

(i) A known volume of the gas enclosed in an eudiometer tube 
is mixed with a known excess of oxygen, and the mixture exploded. 
Carbon and hydrogen of the hydrocarbon burn to produce carbon 
dioxide and water vapour. The residual gas is allowed to cool, in 
order to permit the condensation of water vapour, and then its 
volume is noted. 

(ii) A strong solution of potassium hydroxide is now introduced 
into the eudiometer tube, which absorbs the carbon dioxide. When 
the absorption is complete, the volume of the gas (unused oxygen) is 
again noted. 

From the volume of carbon dioxide produced from one volume of 
the hydrocarbon the number of carbon atoms in the molecule of the 
hydrocarbon is calculated with the help of A' ogadro’s hypothesis. 
The number of hydrogen atoms in the molecule is then found from- 
the amount of oxygen used up in the production of water. 

Example 6. 10 c,c. of a hydrocarbon and 46 c.c. of oxygen were 

enclosed in an cudiomcier over mercury and exploded. After explosion 
and cooling, the volume of gases was reduced to 35 c.c. On addition of 
caustic soda, there was further reduction to 16 c.c, 11 hat is the compo- 
sition of the hydrocarbon ? 

Volume of the liydrocarbon takcn = 10 c.c, 

„ „ COa produced =35 -lo or 20 c.c. 

,, ,, O 2 used up =45 — 15 or 30 c.c. 
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We see that 1 volume of the hydrocarbon gives on oxidation 2 
volumes of CO 2 . Hence, by Avogadro’s Hypothesis, 1 molecule of 
the hydrocarbon gives 2 molecules of COg. It contains, therefore, two 
atoms of carbon. 

One volume of the hydrocarbon is oxidized by 30/10 or 3 v'olumes 
of oxygen. Hence, by Avogadro's Hypothesis, one molecule of the 
hydrocarbon requires for complete oxidation 3 molecules of oxygen. 
Out of these, 2 molecules must have been used up for oxidizing the 
two atoms of carbon present in the molecule, and the remaining 1 
molecule to burn the hydrogen to water. Now, one molecule of 
oxygen can oxidize two molecules of hvdrogen to water, 

Hence, a molecule of the hydrocarbon contains four atoms of 
hydrogen. 

Formula of the hydrocarbon is C2H4. 

(2) Organic Acids. There exists the following relation between 
the molecular weight of an acid, its equivalent weight and basicity : 

]Mol. Wt. = Eq. Wt. xBasicity 

Hence the determination of the molecular weight of an acid involves 
the determination of (2) its basicity, and (li) its equivalent weight. 
The basicity of an o^anic acid may be found by a study of its salts 
and esters. Thus, atcetic acid gives rise to only one series of salts 
and esters. It must, therefore, in all probability, be a monobasic 
acid. Tartaric acid forms two potassium salts, a normal potassium 
tartrate and .ah acid potassium salt. It appears, therefore to be dibasic. 

The equivalent weight of an organic acid, may be determined 
either volurhetrically or gravimetrically. In the volumetric method 
a suitable known weight of the acid is titrated against standard 
barium hj'droxide, using phenol phthalein as the indicator. The 
result is calculated as in Example 7 given below% 

The gravimetric method for the determination of the equivalent 
weight of an acid involves the preparation of a pure sample of its 
silver, calcium or barium salt. The salt is then analysed to find the 
amount of the metal contained in a given weight of it. Silver salts 
are preferred for the equivalent weight determination, as they can 
be readily obtained pure and anhydrous, and are easily decomposed 
by heat to metallic silver. A suitable quantity of the acid is dissolved 
in a slight excess of dilute ammonia. The excess of ammonia is then 
boiled off and to the neutral solution thus obtained is added a slight 
excess of silver nitrate. The precipitate of silver salt is washed and 
dried. A known weight of the salt is then carefully heated in a 
crucible so as to decompose it until a constant weight is obtained. 
From the weight of silver salt taken and that of silver left behind 
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the equivalent weight of the acid is calculated as in Example 6 given 
below. 

I 

Example 6. On combustion 0 20 gram of a dibasic organic acid 
gave 0*040 gram of water and 0*195 gram of carbon dioxide. It contained 
no nitrogen. When 0*50 gram of its silver salt was ignited, it gave a 
residue of 0*355 gram of metallic silver. Find the empirical and mole- 
cular formula of the acid. 

The empirical formula of the acid calculated as in Example 1 comes 
to CHO 2 . 

The equivalent weight of the silver salt 


0-500 
0 355 


X108 or 152. 


Hence the equivalent weight of the acid 

= 152 — 108 + 1 


= 45. 

And, since the acid is dibasic, the molecular weight is 00 , which is twice 
the empirical formula weight. Hence the molecular formula of the 
acid is C 2 H 2 O 4 . 

Example 7. A n organic monobasic acid gave the following combustion 
data : — 


\ 


[ 

1 




t 


0*100 gm. gave 0*2525 gm. of COg aiid 0 0432 gm. of // 2 O. 0*122 gm. 
of the acid required 10 c.c. N /10 barium hydroxide solution for neutrali- 
zation. What is the formula of the acid ? ^ * (Funjgb, Inter., 1931) 

The percentage composition of the given acid is : — , - 

12 100 

C=0-2525 X X — — or 08-0 

44 0*100 

2 100 

H=00432x^-^X_or4X 
0 = 100 — (68-9 + 4*8) =26*3. 


Dividing the percentage of each element by its 

get the atomic ratio : — 

68*9 ^ „ 4*8 26*3 

C= , , or 5*74 ; H= or 4 8 ,* 0=— — 
12 1 16 


atomic weight, we 
or 1*65 ,* 


j Dividing by the smallest figure, 1*65, we get the simplest atomic 
I ratio : — 

[ 4 C=3’48. H=2*91, 0 = 1. 

1 Hence, the empirical formula of the acid is C^HgOg. 

[ Empirical formula weight =84 +6+32 or 122 . 

I Now, quantity of the acid neutralized by 10 c.c. of N/U» Ba(OH )2 
^ = 0*122 gm. 

•*. Quantity of the acid neutralized by a litre of normal Ba{OH )3 
1 solution, the equivalent weight of the acid 

=^0*122X100X10 or 122. 
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Since the acid is monobasic, its molecular weight is 122, which, as 
we have seen above, is also its empirical formula weight. Hence the 
molecular formula must be C-Hg 02 . 

As the acid is monobasic, and contains therefore only one carboxyl 
group, its constitutional formula must be CgHs.COOH. 

(3) Organic Bases. Most organic bases combine with hydrochloro- 
platinic acid, HjPtCIe, giving sparingly soluble platinichlorides. 
The general formulae of the platinichlorides derived from mono- and 
di-acid bases are respectively B' 2 H 2 PtClg and B^^H 2 PtCl 5 where B' and 
B^^ represent one molecule of the mono-acid and of the di-acid base. 
On being caustiously heated, the platinichlorides decompose, leaving 
a residue of metallic platinum. Since the atomic weight of platinum 
is 195, the weight of the platinichloride that yields this amount of the 
metal represents its molecular weight. If the acidity of the base is 
known its molecular weight can be calculated as in the tollowing 
example. 

Example 8. A mono- acid organic base gave ike following results on 
•analysis : — 

O'lOO gm. gave 0'288 gm. CO^ and O' 07 56 gm. water, 

0‘200 gm, gave 2V8 c,c. of nitrogen at 15^ C and 760 mm, 

0'400 gm, of the platinichloride left^ on ignition^ 0‘125 gm, of platinum. 

What is the molecular formula of the base ? (Pt,—19o) 

{Punjab^ R.Sc., 1935) 

The empirical formula of the base calculated as in the previous 
examples comes to C^HgN. 

If B is the molecular formula of the base, the formula of the platini- 
-chloride should be BgHgPtCle. A gram molecule of the platinichloride 
would leave on ignition 195 grams of pure platinum. Hence, the 
molecular weight of the platinichloride, BjHgPtClg 

195 

= 0*400 X ^ or 624. 

0*125 

the Molecular Weight of the base B 

_624 — (2-fl95-f213)_ 

o 

This is identical with the empirical formula weight. Hence, the 
molecular formula of the base is the same as its empirical formula, i,e., * 

C7H9N. 

(4) Other Compounds. Most organic substances are neither acids 
nor bases. In the case of such substances it is often impossible to 
determine the molecular ^veight by purely chernical methods. A 
•detailed study of the chemical behaviour of the substance may some- 
times lead to a definite conclusion. Thus, benzene (empirical formula, 
CH) yields a derivative having the empirical formula CgHsBr. Hence 
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- it follows that the benzene molecule must contain 6 (or a multiple of fi) 
i carbon atoms, and the molecular formula must be CgHg (or Ci 2 H^o, 

etc.) A multiple of 6 is, however, out of the question, since 
1 yiio derivative, has ever been obtained from benzene which indicates the 

- possibility of replacing, e.g., or yV the total hydrogen. Hence 
y the formula of benzene must be CgHg. 

> 28. Law of Even Numbers. The general fornuila of saturated hvdro- 

carbons is C„H 2 „ + 2 * Hence, the molecule contains an even number of hydrogen 
I atoms. Now, ail the other organic compounds can be regarded as * derived from 
the saturated hydrocarbons by the replacement of these hydrogen atoms bv 
^ ‘other atoms or groups, or by the removal of an even number of hydrogen atoms\ 
ji’ or by both these causes. Hence the sum of the valencies of nil the atoms present in 
^gi Ihe molecule of €i compound must aheays he an even mimbeT. Thus the molecular 
formula of a substance having the empirical formula CgHjBr must at least he 
twice this, since the sum of the v^alencies of all the atoms (4 X 3 + 24 - 1 — 15) is an 
odd number. • * 

QUESTIONS 


1- How is the empirical fornuila of a substance calculated from the results of 
quantitative elementary analysis ? 

organic compound gave tlie following results cn analysis : 

0*20.33 gm. gave on combustion 0*3780 gm. COg and 0*1288 gm. water. 

0*1877 gm. of the compound gave on combustion 31*7 e.c. of moist nitrogen 
measured at 14®C and 758 mm. pressure. What is the empirical formula of the 
compound ? (Aqueous tension at 14°C = 12 mm.) (Punjab, Inter,, 1925) 

3. What do you understand by the molecular formula of a substance, and 
what are the data necessary for its determination ? 

4. State the principle on which the determination of molecular wefthts of 
volatile substance is based. Describe in detail the Victor Meyer method for the 
deterqiination of molecular weights. 

®r^‘37 gm. of a substance, containing carbon, hydrogen, and oxygen, gave on 
Tu combustion O-Ofi gm. of CO2 and 0*27 gm. of water. Further, 0*123 gm. of the 
*. substance displaced 3h*G c.e. of air at 17®C and 700 mm. in Victor .Meyer’s 
tll‘ ’apparatus. Ascertain from these data the molecular fornuila of the substance. 

{Inlet,, B,Sc., Mane., 1900) 
a determination of the molecular weight of a substance by Victor 
Meyer’s method, 0*1080 grn. of the substance gave 49*4 e.c. of vapour at 2b®C ami 
740 mm. pressure. Calculate the molecular weight of the substance. 

(Punjab, B,Sc., -Igr., 1920} 
7. Describe how you woiihl j>rocced to determine the molecular weiglit i>f a 
non-voIatile, solid organic eompoiind. 

0. On what principle is the freexing-point method of molecular weight 
determination based ? Describe earefully the apparatus used and tlie metlioil 


Hfl- 

oi' 






of procedure. 


I y 

■ gm. of a su Instance dissolved in 100 gm. of water (A’ -19) gave a 

. depression of the freezing-point of 2*04®C. Deteriiiine the nioleeular weight of 
(jid!" the substance. (London, Inter,, 3 Uns) 

, p 10. Describe Landsberger’s apparatus for the determination of elevation of the 
^ ^oding-m>|nt, and exjdiiin its working. 

. *^y^0^grani of a substance was dissolved in 10 grams of acetone. An eleva- 
tionXf j^Userved in the boiling-point of the solvent. Calenlate the 

ijjlfl' Nioleeular weight of the solvent. 

A' for acetone is 10*7. (Punjab, j5.6'e., 191 1) 


1 
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12. In what cases of organic compounds may purely chemical methods of 
molecular weight determination be used? Describe the method employed m 

each ca^e^cribe would proceed to 

formula of a gaseous hydrocarbon. • h tl on cC*"if*oxv<ren and 

11 lo e c. of a gaseous livdrocarbon were mixed with 90 c.c. of 

the mixUwe TsplSded. After explosion, the volume was 72 c.c. On adding 

KOH. 3(1 c.c. of the gas disappeared, leaving oxygen only. What is f'jf 

formula of the gas ? All the above measurements were made at lo C an 

m.m. pressure, the gases being saturated with js’jS) 

15®C=12*7 mm.) , ,, ' i 

^5;>^n organic tribasic acid gav^e the following results on analy&is . 

0*1 58-4- f*'m t^avc 0*2368 gm. CO* and O’OOo.'j gm. H 2 ^* , 

0*2219 gm* of the normal silver salt, on being carefully ignited, gave 0*14o8 

gm. of pure silver. .. o ’ 

What is the molecular formula of the acid 4 * 

10v,./)\n organic monobasic acid gave the following combustion data : 

0*100 f?ni 0.2525 ffm* of CO-* unci 0*0432 Jjni* of i. 

0122 gm. of the acid required lo” c.c. of X/10 caustic soda solution for neutrah- 

^'^^UniaUis the molecular formula of the acid ? (Punjab, I 1931) 

I’TsJw mono-acid organic base gave the following results on analysis : 

0*100 ‘*‘111. ga'V'C 0*2882 gm. CO^ and 0*0756 gm. water. 
n*‘>00 5m. gavm 21*8 c.c. of nitrogen at 15®C and 760 mm. 

0*400 mi of the platinichloride left, on ignition, 0*125 gm. of platinum. 

Urt is'themole'cular formula of the base? (Pt^l05; W-- 

^ Ts^. ~lVxpuTn\he Law of the Even Numbers and its utility in the determination 
of the molecular formula of an organic compound. 

• ANSWERS 


2. C3H0NO 

9 . : 5 L 

15. CgHsOg. 


5 . 

11 . 

16. 


CjHgOg. 

(iO. 

C^HfiOg 


6 . 

14. 

17. 


83. 

CgHg. 

C-H,N. 
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29. Isomerism. Among inorganic compounds the empirical 
formula is in almost all cases sufficient to characterize the substance 
in hand. Thus there is but one substance having the formula CUSO 4 . 
only one having the formula HCl, and so on. In organic compounds, 
on the other hand, even the molecular formula is not sufficiently 
characteristic to eliminate the possibility of confusion with other 
compounds. There may be many organic compounds having exactly 
the same molecular formula, which nevertheless dilfer from one 
another in their physical and chemical properties. Such compounds 
are called isomers or isomerides. the phenomenon being termed 
isomerism. 

There are, for example, tw^o different compounds having the 
molecular formula CgHgO, five having the formula CjHeO, and as 
many as eighteen having the formula The number of isomers 

6 theoretically possible in the ease of compounds having higher molecular 
weight may be very large indeed. Thus there are 75 possible isomers 
for the molecuhir formula C 10 H 22 . 1^9 for Cnll 24 , and 802, for C'lgHas. 
All the isomers theoretically possible in a given case, are, however. 

not necessarilv known. 

The difference in physical and chemical properties of isomeric 
substances is to be sought in the internal structure of the molecules, 
the atoms in which are, in each case, assumed to be dill ere ntly 
arranged. This difference of arrangement may be due— 

(1) To* the w^ay in which the atoms are linked with one another, 
without reference to their relative position in space. These arc cases 
of structural isomerism, wdiich we shall discuss presently. 

a) To the relative position ol' the atoms in space. These are cases 
of stereoisomerism, and w'^ill be discussed later (Sec Chapter \ lllh 

30. Molecular Structure (Ke/culc and Couper's Theory), In 
*1858, Kekule published his famous paper “On the Constitution and 
^letamorj)hos€S of Chemical Compounds and on the Chemical Nature of 
Carbon."* In this he advanced two hypotheses upon which the 
modern structural formulic are based. The first of these postulated 
*l»at carbon is a tetravalcnt element and the second that Us atoms have 

capacity to link xvith one another. Shortly after the appearance of 

ni 
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Kekule’s publication Couper expressed similar views in a paper | 
piiblisiicd in a French scientific journal. I 



FRIEDRICH AUGUSTK f 
KEKULE (1829—1890) 
Kekulc was born at Darmas- I 
tadt, Germany. He studied 
ehetnistrv at Giessen at Paris. 

In 1850, he became ix privae-do‘ 
cent at the University of Heidel- 
berg. There in 1858 he published 
his memorable paper ‘*On the. 
Constitution and Metamorphoses 
of Chemical Compounds and on 
the Chemical Nature of Carbons.'' ; 
The immediate result of this 
famous publication was that he 
was called to the chair of 
Chemistry in the University of 
Ghent. Hero he published his ! 
classical Lehrbuch der Organischen' 
Chcmic and in 1805 developed i 
the fan\ous Benzene Theory. 

In 1867, Kckule was called j 
to Bonn to take charge of the , ! 
newly-erected laboratory design- 
ed by Hofmann. There he 
continued to teach until Ids i 
death in 1890. i 


By the aid of the above two hypotheses we can represent graphi- 
cally the molecular architecture of the majority of organic compounds. 
The combining capaiuly or valency of an atom is indicated by joining 
the symbols of the elements concerned in the union by small lines or 
dots/ so that each line or dot represents a unit of valency. It is ^ 
assulned that in the formation of a compound the valencies of the 
atoms undergoing combination are mutually used up. Hence the 
elements which, like hydrogen, are monovalent must combine accord- ^ 
ing to the formula H— X. Similarly di-, tri-, and tetravalenfry 

elements must combine with hvdrogen as in the following : — 

H H 
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While in inorganic compounds elements do not always show the 
same valency, among organic compounds variable valenc}^ is rather 
the exception than the rule. The elements, carbon, hydrogen and 
> of which the majority of organic compounds are composed, 

" show, in almost all cases, a valency of four, one and two respectively. 

The way in which the various atoms in a molecule are linked 
together indicates the structure or constitution of the compound. It is 
expressed by structural or constitutional formulae. In Avriting the 
structural formulte the following rules, based on experience, are 
observed : — 

(I) Tetravalency of Carbon. The carbon atom is usually tetraval- 
ent, and may thus combine with at the most four univalent atoms, 
or groups. Thus in methane and carbon tetra>chloride one atom 
of carbon is combined with four atoms of hydrogen and chlorine 
respectively. 




I 







s 

k. . 





(2) Equivalence of the Four Valencies. The four valencies of a 
H (1) carbon atom are equivalent to one another since the 

( 4 ^ H— r— w replacement of any one of the four hydrogen atoms 

) C H (2) qJ- methane molecule by a monovalent substitu- 

II ( 3 ^ ent always gives the. same product. A formal proof 

Methane of this has been furnished by Henry, who prepared 

nitromethane in four different ways, so that each time the nitro group 
replaced a different hydrogen atom. If we designate the four hydrogen 
atoms as 1, 2, 3, and 4, as in the margin, we inay formulate tlie four 
possible compounds as follows : — 


NOj 

I 

u_«c~n 

t 

H 

1 -Xitro-Methane 


H 

I 

H— C— XO., 

1 

II 

2-Nitro- methane 


H H 

1 I 

II— C~H xoj— C— H 

I t 

SO., ll 

;j-Xitro- methane 4-Xitro-fnethane 


All of these were prepared as given below, and were shown to be 
identical : — 


(0 Henry started with methyl iodide, in which we may assume that 
iodine occupies the nosition 1. It was directly converted into 1 -nitro- 
hiethane by heating with silver nitrite : — 


I 


I 

H— C-H 

! 



1 -Methyl iodide 


AgXO, 


NO 3 

I 

H— C—H 

I 

II 

3 -Nitro- methane 
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(ii) Another portion of methyl, iodide was converted into acetic acid 
as shown below : — 



H 


I 

I 

C 


KCN 


H 


CN 

I 

h-c-h 


n.OH 


COOH 

I 


H— C— H 
! 

H 

1- Acetic acid. 


H H 

1-Methyl iodide 1-Methyl cyanide 

This on chlorination gave chloroacetic acid, in which the chlorine atom 
must necessarily possess a position other than 1, which w'e may assume 
to be 2. The chloroacetic acid was converted into 2-nitro-methane as 

given below : — 


COOH 
1 

H— C-Cl 
1 

H 

2-ChlDroacetic acid 


AgNOg 


H 

Soda-lime 1 

H— C— XOa 

I 

H H 

2-Nitro-acetic acid 2-Nitro-methane 


COOH 

I 

H— C— XOg 


M )■ L ^ ^ ^ 

(Hi) The chloroacetic acid, prepared as above, was then converted, 

as Vven below, into nialonic acid in which the two carboxyl groups 

must be assumed to occupy positions 1 and 2 : 


COOH 

I 

H— C— Cl 
I 

H 


KCN 
> 


COOH 

I H.OU 

H— C— CX 
I 

H 

3-Cyanoacetic acid 


COOH 

I 

H— C— COOH 
1 

H 

Malonic acid 


2-Chloroacetic acid 

Malonic acid, on chlorination, gave mono-chloronialonic acid, m 
which the chlorine atom must occupy a position other than 1 anc 
which may be assumed to be 3. The chloromalonie acid was converted 

into 3 -nitro-methane as given below : — 

COOH COOH ^ 

AffVO I Soda-lime 1 

H— C— COOH * H— C— COOH — > H— C— H 


Cl 


1 ' 

XOs 

3-Xitrormalonic acid 


XOi 

3-Xitro-methane 


i' 


f 


3 “ Chloromalonie acid 

(iv) starting with chloromalonie acid and introducing yet another 
sarboxyl group, followed by chlorination, treatment with KC.N. and^ 
soda lime, the fourth nitromethane w^as obtained : ' 

H 

I 

XOj— C— H 
i 

H 

4 -Xitro-methane 


.> * ’ 

■ 




Sec. 30.] 


MOLECULAR STRUCTURE 


65 


As already stated, the four nitromethanes obtained as above were 
found to be identical, thus proving the equivalence of the four valencies 
of a carbon atom. 

(3) Linking of Carbon Atoms. Carbon atoms possess a great 
capacity to link with one another. In the formation of carbon links it 
is assumed that each carbon atom is bound by 1, 2, or 3 valencies to 
a neighbouring carbon atom, and the rernaining valencies can then be 
saturated by hydrogen, oxygen, chlorine, etc. Those compounds in 
which only singly bound carbon atoms are present are termed satu- 
rated compounds, e.g., 


H 

H 

H 

1 

1 

( 

H-C— 

— C H 


1 

1 

1 

H 

H 

H 


O 

li 

C— OH 


Kthane ' Acetic acid 

while those containing carbon atoms linked by double or triple bonds 
are called unsaturated compounds, e.g.. 


H 

H 




H-C=C-H 


Ethylene Acetylene. 

Similarly, three or more carbon atoms may link together forming an 
open chain such as 

c— c — C C— C=C — C C— C=C— c, 

or a closed chain or ring such as 



c 

Some important open-chain compounds, are present in fats and oils. 
For this reason, the branch of organic chemistry that deals with open- 
chain compounds is called the fatty or aliphatic series, and a sub- 
stance belonging to this class is known as a fattyoT aliphatic compound. 
Substances containing closed chains are termed cyclic compounds. 
If the rings are composed entirely of carbon atoms, they are called 
carbocyclic ; if they contain, in addition to carbon, one or more atoms 
of some other polyvalent element, as in the following cases, 

c 





o s 

they are termed heterocyclic. 



-r'f 
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In addition to substances containing simple carbocyclic and hetero- 


r/ 


.1 * 


of rings 
c 








cyclic rings of the above types, compounds 
containing two or more condensed rings, 
such as those shown in the margin, are 
known. In these compounds each pair 

possesses two carbon atoms in 
common. C C 

Among carbocyclic compounds those containing rings of 
six carbon atoms with alternate single and double bonds, 
as shown in the left-hand margin, are of great importance, 
and are called aromatic compounds or benzene deriva= 
tives. 

31. Substitution, The atoms of an element present 
in the molecule of an organic substance may be replaced or substituted 
by an equivalent number of atoms of other elements. Thus the four 
hydrogen atoms of methane can be successively replaced by atoms ot 
chlorine. 


\/ 

c 


H 

1 

H— C— H 

I 

H 

Methane 


H 


Cl 
I 

H— C- 
1 

H 

Monochloro-methane 


Cl 

I 

H— C— Cl 

I 

H 

Dichloro-raethane 


Cl 

1 

H— C— Cl 

1 

Cl 

Trichloro-methane 


Cl 

I 

Cl— C— Cl 

I 

Cl 

Tetrachloro-methane 


They may also be replaced by mono-, di-, or trivalent groups. Thus 
we get : 


H 

I 

H_C— OH 
1 

H 

MethyP alcohol 


H 


H 

I 

H— C=C— H 


HC=CH 


Methylene’ methane 
or Ethylene 


Methenvl methane 
or Acetylene. 


32. Nuclear Isomerism {Chain Isomerism), If an atom of 
hydrogen in the methane molecule be replaced by a methyl group, the 
hydrocarbon ethane, CH3.CH3; is obtained. Similarly, if one of the 


\ 


* The mono-, di- and trivalent methane residues, — CH3>CHj and — ^CH are 


known respectively as methyl, methylene and methenyl groups. 
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hydrogen atoms of ethane be replaced by methyl group, we get pro- 
pane, CHj.CHj.CHj. Since all the hydrogen atoms of methane and 
also those of ethane are in a similar state of combination, there is only 
^ one ethane or propane possible. This is, however, not the case with 
^ propane, which contains hydrogen in two different states of combina- 
tion. Hence the replacement of hydrogen by the methyl group aives 
in this case two different hydrocarbons : 

(1) CH3.CH2CH2.CHa (2) CH3 ,CH.<^JJs 

Normal butane Isobutane 

having the same composition, C4H1Q. 

The cause of isomerism in butanes, as in numerous other compounds 
is the difference in the constitution of the carbon chains. Normal 
butane has a straight chain of carbon atoms while isobutane has a 
branched chain. Isomerism of this type, involving a difference in 
structure of the carbon chain or nucleus, is called “chain” or “nuclear 
isomerism.” 

33. Position Isomerism, if a hydrogen atom of propane be 
replaced by an atom of chlorine or some other monovalent element, 
we get two different compounds : — 

H3C.CH3.CH2CI CH3.CHCI.CH3 

l-Chloropropane or Normal 2-Chloropropanc or Isopropyl 

, propyl chloride chloride 

The difference between these compounds lies not in the carbon 
chain itself but in the different positions of the substituent in the 
same carbon chain. Isomerism of this type is termed “j)OKitiori 

isomerism.” 

34. Homologous Series. On comparing Hie formulic of 
hydrocarbons derived from methane by the successive replacement 
of hydrogen by methyl groups, as described above, we find that 
oach successive member of the series has one atom of carbon and 
two of hydrogen more than its predecessor : — 

CH, C2H3 C3H3 C,H,o 

Methane Ethane Propane Hiitane 

If the number of carbon aton)s in the molecule of any of the above 
hydrocarbons be exi>resse#l by w, the number of hydrogen atoms 
. ^ will be found to be 2w-}-2. This true for the higher members as 
well. The scries, therefore, possesses the general formula 

Now' if we replace a ‘hydrogen’ atom in the above hydrocarbons 
^ by a hydroxyl group, we obtain the following series : 

CII3.OH CaH,.OH CgH^.OH C4H,.OH 

Methyl alcohol Ethyl alcohol Propyl alcohol Butyl alcohol 
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two consecutive 
CHg, is termed 
are known as 


Here also we find that each merhber of the series differs from the 
preceding one by CH 2 , and the whole series may be expressed by the 

general formula C„H 2 n-i- 0 ^^‘ 

Replacement of the hydrogen of hydrocarbons by other groups or y 
atoms always results in the formation of various series of compounds, ^ 
whose successive members differ by CHg, and which may be represent- 
ed by general formulae as in the above two cases. 

A group of similarly constituted compounds, -, any 
members of which differ in molecular composition by 
a homologous series, and its various members 
homologues. 

The various members of a homologous series possess, owing to 
similar molecular constitution, similar chemical properties ; and their 
physical properties have been found to undergo a gradual change 
from member to member. 

35. Metamerism. This term is rarely used nowadays. It refers to a kind 
of structural isonieristii which exists between substances of the same class, and 
is due to the linking of different alkyl radicals to the same polyvalent atom or 
group. Metamerism is exhibited by ethers, ketones, esters, amines, etc. The 
following few cases may be mentioned as illustrations of this type of isomerism : 

C 4 H 10 O : — 


CH 3 


P 14 ^ ^ 
Methylpropyl ether 


C,H 


C,H 


5>0 


Diethyl ether 


CiiHioO : — 


CH 3 >o 

Methylpropyl ketone 


C 0 H 5 


Diethyl ketone 


04^1802 • 

CH3COO.C2H5 
Eth>l acetate 

C 3 H 9 N 

CHa\ 

CH. 

ciiy 

Trimethylamine 


CglljCOO.CR 


M''thvl propionat 

* t'* 


HCOO.C3H, _ 

Propyl and isopropyl formates. 




CaHj-XH. 
Propyl amine and 
isopropylamine 


1 J 




iMethvlethvl- 
amine 

36. Saturation and Unsaturation. If we compare the 

formula of etHane, CH 3 .CH 3 , with that of ethylene, CH 2 =CH 2 , we^ 
shall observe that while in the former the four valencies of each of 
the carbon atoms arc employed in forming single bonds between the 
various atoms, in the latter there exists a double linkage between the 
two carbon atoms. Similarly, in acetylene, CH=CH, the two carbon 
atoms are linked together by a triple bond. 

Compounds, like ethylene and acetylene, which contain one or more 
pairs of carbon atoms linked together by double or triple bonds are 
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■tertnccl unscitut'citcd* while, fis iilrciidy stilted, those in which till the 
earbon atoms are joined together by single bonds aie said to be 
saiitrciicdp Since in the case ol saturated compounds the inaxiinum 
combining capacity of carbon atoms is already in action, they can torni 
derivatives onlv bv substitution. Unsaturated compounds, on the 

other hand, can form derivatives by diiTct addition. Thus ethylene 

and acetylene combine respectively with two and four atoms of 
hydrogen, chlorine, etc., yielding saturated compounds . 

^ CHo = CH. + H2^CH3.(’H3 

CH;=CH;+CU^CH3CKCH3C1 
CH=CH^2H2 CH3 CH3 

CH=CH-h2Cl3 — *CHCb.CIIC]2. 


together 
of affairs 


Thus, paradoxical as it may seem, carbon atoms bound 
■by double or triple linkages represent a niore unstable state 
than singly bound carbon atoms. Ibis singular behaviour has been 
explained by Baeyer by means of his "strain theory . 

37 Baever’s Strain Theory, .\eeordiiig to tlie fundamen- 
tal hVp^S of stereochemistry (Chaiiter VllI) tlie four valency 
bonds of the carbon atom are directed towards the angular points ol a 
regular tetrahedron (at the centre ol which the carbon atom is 


JOHN FRIEIDRICH WILHELM 
AUOLF VOX BAEYER 
(18:15-1917) 

a German chemist, was born at 
Berlin. He studied chemistry 
under R, W. Bunsen and l^.A. 
Kekuk*, and in 185H took his 
degree of Ph. D. at Berlin. In 
1871 he was appointed professor 
of chemistry at Strassburg and 
live years later he migrated in 
the same capacity to Munich, 
He is well known as the lounder 
of the Strain Theory (1885) and 
is responsible for the synthesis 
of indigo, though his method 
was found to be commercially 
impracticable. He also, worked 
on Organic arsenic compounds, 
uric acid group, phthalcins, ter- 
I>cnes, and many other organic 
substances. He was awarded 
the Davy meflal in 1881 by the 
Royal Society of London for his 
rcscarchc.H on Indigo and tl^e 
Xobcl Prize in chemistry in 1U05. 



70 MODERN ORGANIC CHEMISTRY [Sec. 37. 

supposed to lie), and thus make an angle of 109° 28' with each other. 

In 1885, Baeyer, pointed out that a single bond may be created 
between^ two carbon atoms without interfering with the line of action J 
of any of the valencies of the two carbon atoms. There is, as we say, 
“free rotation about the single bond,” freedom of disposition of 
the six atoms or groups attached to the two carbon atoms. 

On the other hand, when the two carbon atoms become doubly 
bound, the valencies concerned in the formation of the double bond 
are submitted to bending, or distortion. A definite strain is thus set 
up in the molecule, which renders the double bond easily attackable 
by reagents. The tension produced in the molecule by the creation 
oi‘ a double bond may be conveniently demonstrated by means of i 
atomic models, in which the double bond is represented by a pair of 
flexible wires. 

The mechanism of addition reaction that an unsaturated compouno 
readily undergoes mav be beautifully illustrated by means of atomic 
models, as in Fig, 33 .* The combination of ethylene {A) with bromine 
is here represented as being preceded by the rupture of the double 
bond, as shown at {B). The product of the‘ reaction is dibromoethane 
(C). which is a saturated compound having normally directed valencies: 



Fig. 33. Atomic- model Representation of the combination of Ethylene 

with Bromine. 

The strain theory has been very helpful in explaining the relati\e 

stability" of ring-systems having different 
number of saturated carbon atoms. Xlif^ 
s train produced in each case is proportion al 

dispracement of t’ " 


bbnds^frdm nteir^ln^mal positipjxs. It 


]jossTl3le"*T(r calcuIaTe^his cfistortion in the 



Double bond bv means of undcriionc an equal displacement. Thus mt 
Atomic- Models 
^.109= liS' 


CH 


the trimethvlenc ring, 

* FI ^ 2 


I 



the carbon 
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60 *". 

each 



Fig. 35. 

The Trimethylene Ring, 
a ==109® 28'; /3 = 24® 44' 


atoms may be supposed to be at the coders of an equilateral triangle 
ABC (Fig. 35). The dotted lines .4 andvJL represent the original 

directions of the two valency bonds of the ov 

carbon atom A, and the curved lines their 
present disposition. The original angle, a, 
between the two bonds was 109 28 • and 
the present angle between them is 
Hence, the deviation, jS, undergone by 
bond from its normal position 

= J(109° 28' — 60‘")=24,° 44'. 

Similarly, in the case of a double bond (see 
Fig. 34) the distortion is measured by the 

angle, , ^ , 

4(109*" 28'-0‘")=54=" 44. 

The following table gives the extent of 
distortion in different polymethylene rings, 
calculated as above : 

Double bond + 54» 44' U' 

Tri-methylene + 24 44 ” cjo w 

'retra- + 0° 34' Hepta- „ -9 33. 

The pentamethylene ring, being under the least strain, is the most 
stable Rings with less than five earbon atoms are progressively less 
stable and nfore reaetive, until the exceedingly reactive double bond 
is reached. 1 The hexamethylene ring is nearly, though not quite, as 

''?fe dUi:tioi^TtKt?a1n\Teory are fully suported by experi- 
ment In ethylene the strain is maximum and the tendency to form 
1 r/- resultinc in the destruction of the ring is the 

£ strata Z less in the ease of trimethylene, and 

h u ce ihe opening of the ring by means of bromine etc. here occurs 
ntnee tne opcnii g ethvlene (see Sec. 371 and Sec. 372). Again, 

Xtelrt^ImeSvlene ca rbo^^ add is readily attacked by hydrogen 
bromide in the cold, tetramethylene 

iinafleeted. Finally, pentamethylene carboxylic acids are not afleetecl 
even on continued boiling with hj rogen romif e. , , . 

♦ oo Theory. While the chemical behaviour of 

poly mcthvlSe c^ntpounds having a positive angle d^iation (r e 
thoL having rings with 5 or less carbon atoms) agrees 
with Baever’s strain theory, this is not the ease with compounds 

having riiigs of 6 or more carbon atoms. 

In the finst place, the hcxamcthyl.ne 
stable as the? iicntamcthylcne ring ; both ‘Masses uf compounds re 
' ‘ 'I’lic ellivlene linkage is evidently the limiting ease of a polyrnetliylene ring. 
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to react with bromine, hydrobromic acid, etc,, and moreover, it is 
possible to convert a pentamethylene compound into a hexamethylene 
derivative, and vice versa. The heptamethylene ring should, according 
to Baeyer’s theory, be quite as reactive as the tetramethylene ring. 
Actually, however, it is as stable as the pentamethylene and the 
hexamethylene rings. The same is true for rings containing 8 or 
more carbon atoms. 

The remarkable stability of rings composed of 6 or more carbon 
atoms was explained by Sachse by assuming that all the carbon 
atoms composing such rings are not situated in the same plane. Thus 
hexamethylene is supposed to possess one of the space arrangements 
shown at I and II, (Fig. 36) and not the one shown at III. In the 



Fig. 36. Space Models for Hexamethylene. . • j m 


last case all the carbon atoms are supposed to lie in the same plane, 
while in I and II they He in two or three different planes. 

Quite recently (1926), Ruzicka, a Swiss Chemist, has prepared 
cycloketones with ring-systems up to 30 carbon atoms, and has shown 
them to possess a high degree of stability. He points out that in 
such a case the ring, by virtue of its magnitude, is able to crumble up 
or twist itself into positions in which there is practically no distortion 
of the carbon linkages. Hence the. molecule is free from any strain. 

The strongly odorous substances, muscone (from musk deer^) and 
civetone (from civet oat^) are examples of this class of compounds. 
They have been shown to contain 15- and 17- meftibered rings 
respectively, 

39. Thiele’s Theory of Partial Valency. It was obser- I 

ved by Baeyer and Rupe in 1893 that when muconic acid. V 

HO()C.CH=CH.CH = CH.C()OH, f 

is reduced, four atoms of hydrogen are not added at once, as the 
existence of two pairs of double bonds might lead one to expect, 
but that. only two atoms are first absorbed. These attach the ipselvcs 

^ Mask consists of the dried secretion of preputial follicles of the male nuisk 
deer found in the Himalayas. 

“ Found in Abyssinia- 
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to the two carbon atoms carr\Mng the carboxyl groups, and a new 
■double bond conies into being between the two middle carbon atoms : 

H()()C.CH2.CH==CH.CH2.COOH. 

The resulting compound, known as hydromuconie acid, on being 
further reduced, combines with two more atoms of hydrogen, yielding 
<idipic acid, 

HOOC.CHa.CIIa.CIIa.riljXOOH. 

A system of alternating single and double bonds, as in mueonic 
^cid, is termed by Thiele conjugated double bonds. Many cases of 
1 : 4 addition, as in mueonic acid, hav^e been observed in compounds 
containing conjugated double bonds. 

In order to explain the peculiar behaviour of such compounds 
Thiele put forward the hypothesis that when two atoms are united 
by a double bond, the whole of the affinity between them is not used 
^p, but that there remains a slight residual acuity or partial valency 
on.each atom. This hie denotes by dotted lines, e.g,, 

* * 


He assumes that the power to form addition compounds is due to the 
presence of such residual affinities. 

Now, in a system of conjugated double bonds there are four partial 
valencies : of these, the two middle ones are regarded by Thiele to 
have neutralized each other, while the other two remain active. This 
IS usually denoted bv the formula. 


K.CII ; CII.CII : CH.H, 


which explains the usual 1 : 4 addition in the case of compounds 
having a conjugated system of double bonds. 

Thiele's theory appears to give a satisfactory explanation of the 
behaviour of a large number of unsaturated compounds. It has been 
particularly helpful in showing the saturated nature of the benzene 
ring (Part HI). In recent vears, howev'er, facts have been discovered 
which tlo not asrree with the rule of 1 : 4 addition.^ 

o 


40. Determination of Structural Formula. After 

molecular formula of a substance has been found as given in Chapter 
^IV, the organic chemist proceeds to determine the structure of the 
molecule. This may involve the following steps : — ^ 

(1) First, writing down all the possible combinations of the con- 
stituoit atoms consistent with their respective valencies. 

(-) Then, from tlie various possible formula* thus of>tained selecting 
one thatjjgre(‘S best with the properties of the compound. _ 

* >>ee irn&cr Constitution of Uenzenc, Sec. :J82. 


f 
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the determi- 
Thus, if the 

H 


H 


O — H 


H 


In case the number of atoms in the mokcule is small, 
nation of its constitution is usually a simple matter 
valencies of carbon, hydrogen and oxygen be assuniea 
to be 4 , 1 and 2 respectively, the compound 
the molecular formula CH 4 O (methyl alcol^ol) 
can have only one structure as shown m the 
margin. Similarly, the compound of the molecular ^ 

formula CH 2 O (formaldehyde) must have the structure . 

case two or more structural formulae are possible, we must select 
the right one by reference to the following : — 

(A The possibility of the compound being transformed into, or of 
its beinir produced from, compounds of known structure. e know it 
from experience that when an atom or radical present in a molecule is 
Replaced by another substituent, the latter, as a rule, goes into the position 

originally occupied by the former,^ 

The proeedure mav be illustrated by reference to ethyl alcohol, 
C H O ^ As one may see by trial, there are only two ways in which 
the structure of the compound may be represented : 012 ., 


(«) 


H 

1 

H— C- 
1 

H 


H 

I 

O— C— H 

1 

H 


and (&) 


H H 

H— C-C-O— H 

1 1 
H H 


of ethyl chlo 


H H 

h-c-c-cl 
I I 

H H 


with the 
hydrogen 


Now, ethvl alcohol may be obtained by the hydrolysis 
ride CoHICI, and conversely, it may be converted into 
ethvl chloride by treatment with hydrogen chloride 
Hence, its structure must be analogous to that ol etn> 1 
chloride. But there is only one structure possime lor 
the latter substance, as shown in the macg”'; Hence, 
ethvl alcohol must possess the constitution ( 6 ) and not ( ). 

The conclusion thus arrived at is in complete harmony 
chemical behaviour of ethyl alcohol. Thus, of the six . 
atoms that the inolcule contains, only one is replaceable by sodium , 
henTe this hydrogen atom must be in a different state of combination 
S the rest. This condition is fulfilled by the formula that we have 

^^°Thf similarity of the physical and chemical properties of 
the impound with those of another, whose constitution -s know n. 
Thus an additional pr.of of ethyl alcohol as possess ii^ the struct__^ 

"riK^^rt'in TSTe Ti5;S“u;riltoms or radicals “migrate” to new Pos'**”"*- 
for instance tiie IValdeti Inversion. Formation of resorcinol from benzene 
SiMiiphomraoid is another well-known example of the same plienonienon. 


' 1 * 
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tl 


T 
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(b) IS that in its entire pliysieal and chemical behaviour it eloselv 
re.sembles methyl alcohol, for which there is only one 
structure possible, viz., CHj.OH. Hence, ethyl alcohol I 
must contain a hydroxyl group in its molecule, just as -c-OH 
methyl alcohol does. Similarly, all other alcohols must have ( 
m their molecules the grouping shown in the margin. 

(3) The formula finally adopted must be supported by as many 
reactions of the compound as possible. It must also be checked by 
reference to its various physical properties (See Chapter VI). As the 
last step, an attempt is made to synthesize the compound from one 
of known structure by a series of simple reactions that the formula 
under consideration may suggest. Should this be successful, the for- 
mula is finally accepted as established. 


41. Tautomerism. A number of cases are known in which 
one and the same compound behaves as if it had iivo different struc- 
tures. Thus, hydrocyanic acid may react as H — C— N, or as H— N^C, 
It gives rise to two different classes of alkyl derivatives, (i) the 
cyanides, derived from the first, and (ii) the isocyanides, derived from 
Ihe second form. A substance which, like hydrocyanic acid can react 
according to two different structures is said "to exhibit tautomerism 
(txk. tauto, the same ; meros, a part). 

, Tautomerism is thus a special kind of isomerism, where the two 
isornerides are represented by one and the same substance. According 
to the generally accepted view, which was first put forward by Baeye^ 
a tautomeric substance consists of a mi.xture of two labile forms in 
dynamic ecjuilibrium with each other. For this reason, the term 
dynamic isomerism is sometimes used instead of tautomerism. The 
change of one form of tautomeric substance into the other is caused by 
the migration of a hydrogen atom from one polyvalent atom to another, 

IS accompanied by the necessary rearrangement of linkages, 
thus in the case of hydrocyanic acid the change from one form into 
the other occurs as follows : 

11 — c=N H — n;^c 

n account of the change of linkage involved in the transformation of ^ 
'ic form of a tautomeric substance into the other, the phenomenon is 
Sometimes termed desmotropism (Gk. desmos, a bond; tropos, tiirnii?^ 
tif the many known e.xamples of tautomerism, mention may 
mailo of t))e following : 

Cyanic acid : 


no — c=s pi o=c=Nii 

’ •ceto-acefic esfer : 

ciijCo.cibx ooMt ^cii5.c(Oir} =-cir,c0bEt. 

Koto form Eiiol forni^ 
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Niiro-methane : 


yO 

CHg.N^ 
Nitro form 




OH 




O 


Isonitro form 


42. Electronic Theory of Valency- of 

modern views, the atom is a complex structure. At the centre ^ 
the atom is the positively charged nucleus, 

charged particles, which keep revoh ing ^ They are the 

The negatively eh.rg.d P»rti= '» <“ S'leS o ” the .tom" not 

nnTmLitTry'Srti’cirbut a composite^^^^^^^^^ 

and protons, and forms a very sma .j charge (the smallest 

small mass, being l/ 184 ^f that of the hydrogen atom. 

Theptoton pt”? h‘S“ m... 

opposite in ^ the hydrogen atom. The neutron carries no 

practially equal to that of hy g proton. Since 

miclens. “The charge’ on the nucleuo 

Th? oKrthi r £ 

the nucleus in circular or elliptica _ Hence they have 

olanets in the solar system revolve round the sun.^ Hence rney . 

often been referred to as the he number ot protons 

inTt: 3et)ris^"L«^^^^ 

forms the basis of the classification^of the elements. condition 

The number of electrons elements 

of maximum electrical stability. Th , i,\ Fig. 37. the 

• that commonly occur in organic ^ 

nucleus in each ease being ''^P’’^.®^ ® g-i^clusivcty with the electrons 
‘ The chemist is concerned almost exclusne^J electrons, 

present in the oM/ermost orb^. Tl ^_^.^^ I.:xecpting the 

as the valency ol an elein P valency electrons 

elements of /'"'■f.^imnip' hi tWperiodic table to which the element 

belongs. • all the other members of zero group have a 

^ort^ir out ^ St of 8 electrons. In case ike ouiern^osi orM 
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is incompleiey the atom has a tendency to borrow, lend, or share electrons in 
order to have a complete outei' orbit similar to that of the nearest member 
of the helium family. This tendency of the atom is the cause of chemical 
combination. 











Fig. 37. Atomic structure of Elements occurring in Organic Compounds. 




ji! 

lif 



A chemical combination between atoms is of the following three types* 

. (1) Electrovalency, 

(2) CovaJent linkage. 

(3) Co-ordinate linkage. 

(1) Electrovalency. Union between two atoms may take place by 
the transfer of electrons from the outermost orbit of the one to that of 
the other. Thus when a chlorine atom having 7 valency electrons 
combines with a sodium atom ha\'ing I valency electron, the electron, 
from the latter atom is transferred to the chlorine atom. Both the 
atoms now have a stable arrangement of 8 electrons in their outermost 
orbits. Further, the transfer of an electron from the sodium to the 
chlorine atom makes the former acquire a unit positive charge, and 
fhe latter a unit negative charge. These charged atoms or ions hold 
each other by mutual attraction : 



The change is most conveniently represented as follows : — 


7 


Nti 

Sodium 


.t:i; 

Chlorine 



« * 

Sodium Chloride 
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A compound formed as above is termed an electrovalent compound 
or polar compound. The latter name refers to the fact that the 
molecule of such a compound has a positive and a negativ e pole, 
and consequently, under suitable conditions, has a tendency to break 
UP into positive and negative ions. The combination of the above 
type, called an electrovalency, is found chiefly among acids, bases 

"‘"(trcovalent Linkage. This type of linkage is especially prevalent 
among organic compounds. In this case the atoms undergo combina- 
tion bv sharing one, two or three pairs of electrons with each ot er 
so as to complete their octets. In each pair of shared electrons one 
is contributed by each atom. One pair of shared electrons corresponds 
tn q sin<^le bond, two pairs to a double bond, and three pairs to a 
triple bcnid. A covalent bond is non-ionizable. The following ^are 

some examples of compounds having covalent linkages : 

H ^ 


H 6 V H 

H X N ; H 

H X C X H 

* ^ 

«- «- 


H 

Water 

Ammonia 

H 

• X 

Methane 

H H 

•X -x 

CMC 

* * 

• « 

• * 

H H 

> X* X* 

^ a f • ^ 

x» 

H 11 

h;c 

• c • 

• X 

H 


Ethylene 

Benzene 

Acetvlene 


Co-ordinate Linlc or semi-poiar uona. xma 

is similar to the covalent link except that both the el^trons consti- 
tutinf^ the bond are supplied by one of the atorns, Sidgwick calls 
this a co-ordinate link, since he has shown it to exist in Werner s co- 
ordinate compounds. .. ^ ... . 

A necessary condition for the formation of a co-ordinate link is 

that one of the atoms, called the donor, must have at least one lone 
nair of valency electrons, i.e., those not concerned in union wit 
anv other part of the molecule, while the other atom, called the 
acceptor must require these electrons to complete its octet. Many 
atoms even in the state of combination, have one or more lone pairs 
of electrons. Thus nitrogen in ammonia has one such pair and 
oxygen in water has two (though only one of th^e is re^rded as 
•effective). A “covalently saturated” molecule like CH 4 or C 2 rlg cannot 
provide a donor, since all its valency electrons are shared. 


V 


cn 


H3C * N : 

* M 

CH3 

Trimethylamine 
In the second of 
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In the formation of co-ordinate link, the donor retains the number 

unchanged, while ,the acceptor increases its 
own number by two. A simple example of the formation of co 

^ /rwTv' of trimethylamine oxide. In trimethylamine 

* as in ammonia, the nitrogen atom has a lone pair of 

electrons, while the oxygen atom requires a pair of electrons in 

as foV° the change may be represented 

CH, 

CH, , 

+ 6: — *. H,C‘« N :b: or .\-»o 

CH, CH, 

Trimethylamine oxide 

the above pair of formulae of trimethylamine 
oxide a simple co-valency is represented by a single line and a co- 
ordinate link by a short arrow. The single line of the arrow indicafpc 
that the link is formed by the sharing of two electrons and the 
oirection of the arrow shows that both the electrons are provided 

oy the nitrogen atom. This mode of representing a co-ordinate 
valency is due to Sidgwick. 

Lowry, who first proposed the above electronic formula for the 
\ amine oxides, is of the opinion that the formation of a link like this 
necessarily inaplies that the molecule has developed polarity. The 
nitrogen atom has acquired a positive charge because of its tw« 
electrons getting further away from it than prior to the comhination 
while the oxygen atom acquires a negative charge, because it has 
received two additional electrons. Hence the two parts of the 
molecule will be held together not only by the sharing of a pair of 
electrons, as in a single covalent bond, but also by their mutual 
electrical attraction. For this reason, Lowry calls this type of 
linkage semi-polar bond, and indicates its nature by placing the 
sign.s -f and — against the donor and the acceptor atoms respec- 
tively. Thus the structure of trimethylamine oxide is represented 
under • " ^ ^ 


u 

le 

ir 

,.a 

lOl 


+ — 


(CH3)3N-0 

I m the older formula of the amine oxides, R3N—O, the presence 

of a normal double bond was assumed. This is, how- 
H r dyer, untenable, since if we translate it into the 

; N : : o electronic formula we must assume the nitrogen atom 
CHj to possess a valency group of ten electrons (see 
me ^^itirgin), which, as we know, is an unstable arrange 

lit. The new formulation is justified by the evidence of Sudden’s 

Pai-achor (Chapter VI). ^ 
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Suffden has shown that most of the double bonds of structural 
organic chemistry are true double eovalent bonds. The nitro 
group,— NO 2 , however, appears to possess one 
true bond together with one semi-polar bond, or N 





if 




0 


co-ordinate link. Nitrobenzene, therefore, is 
assigned the electronic formula given in the margin. 

*43. Mesomerism or Resonance. R has been establish- 
ed with the help of wave mechanics that if a molecule can be repre- 
sented bv two (or more) different structural formulae, then its actual 
state is represented neither by the one formula nor the other, nor yet 
bv a mixture of the two forms as in the case of tautomeric 'substances , 
it is in fact a hybritl structure intermediate between the two tormulae. 
The phenomenon is termed Ttiesomerism or resonance. The meso- 
meric state of the molecule possesses a minimum of energy and, 
therefore, a maximum of stability. For mesomerism to be possible, 
two conditions must be satisfied: First, the position of the ato^ 
in the two structures must be approximately the same ; 
energies of formation of the two forms and, therefore, their stabilities 

must not be much different. ^ , 

The carbon dioxide molecule presents one of the simplest examples 

of mesomerism. It may be represented by any of the following 
three formulae : — 


w 




p 

li 


OB 


G: 


le 


(1) 0 =c =0 ( 2 ) 0 — 0=0 ( 3 ) 0=0 — 0 

The structures (2) and (3) are derived from (i) by electronic displac^ 
ment. The distances between the oxygen atoms for the tnr^ 
formulae, as calculated theoretically, are very nearly identical (abou^ 
2-56 aM. The energy, of formation of each form is very nearly- Sail 
kilo-cals. Hence the two necessary conditions for mesomerism, ^ 

similarity in nuclear positions and . in energy content, are luimiea. 
The experimental value of the distance between tjie oxygen nucie 
is 2*30 A and of the heat of formation of carbon dioxide 380 kilo-ca s. 
The interatomic distance, therefore, is somewhat less and the 
content appreciably less than the calculated values for any _ 
three forms. This is in agreement with the predictions of v 
mechanics. We, therefore, see that the carbon 
actually represented bv none of the above three structures but o\ ^ , 
inesomLic state of lower energy^ont^t. This state is genera v ^ 

denoted bv the mesomcric formula O — C — O. 


its 


1 The Angstrom unit ^denoted by X) employed m 
of different radiations and distances bet ween atoms m a molecule, it is cq 
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Another interesting example of resonance is furnished by ethylene, 

'which has been shown to exist in the mesomcric state between the 
following three forms : — 

(1) >c^it< (2) >c— c< (3) >c— c< 

Since the stability of structures (2) and (3) is diminished by their 
dipolar character, the mesoraeric state is much nearer to the non- 
polar form (1). At the time of reaction, however, the transforma- 
tion of the non-polar into one of the polat tcirms occurs. It is on 
the basis of this polar activation of the double bond that the addi- 
tion reaction of ethylene and other unsaturated substances are generallv 
explained. 

The phenomenon of mesomerism is of cojisiderable interest at tJie 
present time, and has been successfully employed in the elucidation 
of the behaviour of a number of molecules and groups, such as the 
nitro-group, the carbonyl group, the carboxylate ion, the azide ion, 
the benzene ring, etc. 


QUESTIONS 


1. Give the different steps in the systematic investigation of the formula of 
an organic compound. {Ptwjab, Inter., 1927) 

, 2. What do you understand hy Isomerism V Name the different classes of 

isomerism met with in organic compounds. 

•h VVrite an account of Kekule and Cooper's theory of molecular structure, 

4, How would you prove the equivalence of the four valencies of the carbon 
atom ? Why do we assume a tetrahedral configuration of the carbon atom ? 

" (Punjab, B.Se., 1939) 

o. What are the chief classes of organic compounds ? On what is the ciassili- 
<5ation based V 


6. Distinguish between nuclear isomerism, position isomerism, and metamerism. 
Uive illustrative examples. 

'i- Write short notes on (a) homologous series, (b) substitution, fc) saturation. 
8. What do you understand by ‘unsaturation* in organic coinpoimds ? What 
reactions are characteristic of this state ? (Punjab, Inter., 1920) 

h. AV'rite a note on “Baeyer’s Strain Theory,” 

{Punjab, B.Sc., 1929, 1931 : B.Sc., lions. School, 1929) 
10. What is the theory of strain 't Discuss Thiele’s theory of partial valency. 

[Punjab, B.Sc., 1941) 

11- VVrite a short note on ‘conjugated double bonds.’ {Punjab. B.Sc., 192o) 
12. Show how the constitution of an organic compound can be determined by 
^ts chemical behaviour and synthesis. (Punjab, B.Sc.. llofis. 1920) 

IJl. Write a note on Tautomerisni. Give at least three examples of substances 
*ihowing this phenomenon. 

I'D VV'rite an essay on the ‘Klcctronie Theory of Valency’. 

15. Write a note on the phenomenon of mesomerism. 
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CHAPTER VI 


i 

REFLATION BETWEEM PHYSICAI^ PROPERTIES AND i 

- 

CHEMICAL CONSTITUTION • . 


In recent years the study of physical properties of organic com- 
pounds has become considerably important chiefl 3 ^ in connection 
with the elucidation of their chemical constitution. From this point 
of view the ph\’^sical properties discussed below are especial!}^ helpful 
to the chemist. 


44- Parachor. An additive property recently investigated by 
Sugden, and termed by him the parachor has proved very useful for 
having an insiffht into the constitution of the molecule. For a non- 
associated liquid, the value of the parachor [Pj is constant and is 


given by the expression 



D^d 


where M is the molecular weight, y the surface tension, D the density 
of the liquid and d the density of the vapour. 

As is evident from the above expression, parachor is to be regarded 
as molecular volume, M/D, which has been corrected, with the help of 
the surface tension, for the effect of the very great internal pressure 
of liquids. In this wa\' the value is made inde23endent of the 
temperature at which it is measured. 

The parachor has been shown to be an additive property of a. | 
simple type, and is made up of two series of constants, one for the i 
atoms and the other for the linkages present in the molecule. For 
isomeric substances whose constitutions differ only in the position of 
groups or linkages in the molecule, the parachors are found to be 
identical. The following examples illustrate this fact: — 

. PARACHORS OF SOME ISOMERIC ESTERS 

Methvl valerate 
Ethyl butyrate 
n- Propyl propionate ... 
i-Butvl acetate 
i-Amyl formate 

PARACHORS OF ISOMERIC XVLEXES 

^ , 0 -Xylene 

m- Xylene 
7 ?-Xylene 


292*5 
293*(i 
295-3 
295*1 
3*6 



283*3 

283*8 

283*8. 
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(a) Atomic Parachors. Sugdcn by comparing the parachor 
values for successive members of a homologous series, calculated a 
mean constant difference for CHg. For instance, the observed 
parachors for ethane, Cgllg, and decane, CioH,a. are respectively 

111*0 and 424;*2. Hence the mean value for CH™ is 9 

8 

or 39*0. From this the parachors for carbon and hydrogen can be 
calculated as follows : — 

Parachors for decane, C,oH2j= 424-2 
Parachor value for 10xCH2=390*0 

Parachor for 2H=34'2 

H = 17-l 

C=39*0— 34*2=4-8 
Similarly, the parachor values for other elements can be, calculated 
from the parachors of saturated aliphatic compounds. 


f ? 




{b) Structural Parachors. In all saturated compounds the 
parachor of the single covalent bond is arbitrarily taken as zero. If 
we compare the parachors of saturated open-chain hydrocarbons with 
those of unsaturated and cyclic types, we find that a definite contri- 
bution is made by each double bond, triple bond, and 3-, 4-, 5-, 6- 
membered ring tliat the molecule may contain. Some of the atomic 
and structural parachors thus deduced are tabulated below : — 


c 

4*8 

Double bond 

23*2 

H 

... 17*1 

Triple bond 

4G<S 

O 

... 20*0 

3-menibered ring 

16*7 

X 

... 12*5 

4- ,, ,, 

11*6 

s 

... 48*2 

5- ,, ,, ... 

8*5 

p 

... 37*7 

ii“ ,, ,, ... 

6*1 

Cl 

... 54-3 

Semi-polar double bond ... 

1*6 

fBr 

... G8*0 

O, in esters 

00*0 


It has been found that the parachor value for the double bond is 
indenendent of the nature of the atoms linked, and is the same for 
the links C=C, C = 0, C=S, C=N, and N=0. Similarly, the value 
for the triple bond in nitriles and acetylene and its derivatives is the 
same, viz,, 46*6, which is almost exactly twdee the value for a double 
hnnri 1-Tnnpp it is not possible to distinguish between compounds 
such as CHaO.C^N and CH 3 N=C =0 by a parachor determination. 

Sugdcn found that of the compounds formerly supposed to contain 
a double bond, the majority gave the parachor value for the double 
bond of 4-23*2, while a few^ gave a small negative value of —1*6. 
On attempting to write the electronic formula? of these latter com- 
pounds using a double covalent linkage, it w'as found that this could 
only be done by breaking the octet rule and assigning to one of the 
atoms taking part in the double bond a valency group of 10 or more 
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electrons. In all such cases, it is possible to preserve the octet rule 
by writing the double linking as a semi-polar double bond (see Sec. 42). 
Examples of compounds containing semi-polar double bond are : 



Trimethylamine oxide 


CHgX^C 
Methyl isocyanide 


CeHg— 



Nitrobenzene 





C2H5O 

C2H5O 



CH3O 

CHjO^ 



Phosphorus oxychloride Ethyl sulphite Methyl sulphate 

The parachor determination of benzene and a large number of its 
derivatives shows that the molecule contains three normal double 
bonds as formulated by Kekul^. Thus the value for benzene is found 
to be 206*2, and as calculated theoretically it should be 207*1. 

6C 6x 4*8= 28*8 

6H 6X17*1 = 102*6 

3 double bonds 3x23*2= 69*6 
6-membered ring = 6*1 


Total =207*1 

Similarly, asroxy compounds have been shown to contain one 
normal double bond and one semi-polar double bond. 

O 


t 

Axoxy benzene 

45- MolGCUlar RGfractioIl. Landolt examined the mole- 
cular refractions of members of several homologous series and 
concluded that, in general, molecular refraction is an addt/tue property, 
being, in the case of a given compound, equal to the sum of the 
atomic refractions of the component elements. In the following table 
are given some of the more important atomic refractions as referred 
to the a-line in the hydrogen spectrum 


Element 

9 

r 

' 

Atomic Refraction 

Carbon in single bond 

2*aC5 

Hydrogen 

i-ioa 

Oxygen in hydroxyl group 

1 -506 

Oxygen in carboxyl ^oup 

2*328 

. Oxygen in ethers | 1-655 

Chlorine 

6014. 

Bromine 

8*863 

Iodine 

13-808 

Ethylene bond 

i 1*836 

Acetylene bond 1 

2-220 
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As is clear from the above table, the molecular refraction is not 
purely additive, but to a certain extent constitutive. Thus the atomic 
refractions of carbon, oxygen, and other polyvalent elements depend 
on the state of combination. Hence the molecular refraction determi- 
nation may be employed to elucidate the chemical constitution of a 
compound. Thus the observed molecular refraction of benzene 
referred to the a-line in the hydrogen spectrum, is 25*93 which points 
to the presence of three double bonds in the ring, as in Kekule’s 
formula. This is in fair agreement with the calculated value of 26*3 


6C 

= 14*2 

6H 

= 6-6 

3 double bonds 

= 5-5 


26-3 


The determination of refractivity has been helpful in clearing up 
the constitution of several organic compounds, e.g., thujone, isopinone, 
a- and terpinene, and camphene. 

The refractivity determination has been employed for the study of 
the keto-enol type of dynamic isomerism : 

-^C.CCH< — C.C(OIl) = C< 

/ II 

o 

Keto form Enol form 

We see that the change from the keto to the enol form involves 
the creation of an ethylene bond and a change from >C=0 to 



The former means an increase of 1*836 units and the 


latter a decrease of 0*822. The change is, therefore, accompanied 
by a net increase of 1*014 units. Hence, if the molecular refractivity 
is found to be about 1 unit higher than the theoretical value for the 
keto form, we infer the presence of a preponderating amount of the 
enol form. Thus in the case of aceto-acetic ester the observed 
molecular refraction for the a-Iine is found to be 31*89. The values 
calculated for the ketonic and enolic formulae are respectively 31*5 
and 32*5. 


Kktonic Form 

CIIa.CO.CHg.CO.OCjHs 

OC — 14*2 


lOM = 11*0 

20 (carbonyl) = 4*0 

lO (ether) — 1*T 


31*5 


Enolic Form 

Clla. C(OH)~CIi. CO.OCjHg 


fic 


= 14*2 

lOH 


= 11*0 

1 

(ethylene bond) 

C3 I’S 

lO 

(carbonyl) 

2*3 

lO 

(ether) 

= 1-7 

lO 

(hydroxyl) 

= 1*5 
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It thus follows that ethyl acetoacetate at the ordinary temperature 

consists mainly of the keto form with a small proportion of the 
enol form. 

46. Absorption Spectra. If. a beam of ordinary light is 
allowed^ to pass through a solution of a coloured substance, a part 
of the light is absorbed, and dark absorption- bands appear in the 
ispectrum. Further, it is. found that the absorption is not confined 
to the visible part of the spectrum ; it extends to the ultra-violet 
and the infra-red regions. As yet, little is known of the relation of 
the infra-red absorption to chemical constitution, while the absorption 
in the visible and the ultra-violet regions has been helpful in the 
elucidation of the structure of a number of compounds. The absorp- 
tion in the visible and the ultra-violet regions can be detected by 
means of photographic plates. Hartley and other investigators have 
shown that, as a rule, substances of similar constitution give similar 
absorption spectra. 

One of the most important examples of compounds whose structure 
has been elucidated with the help of absorption spectra is that of 
isatin, which, according to its chemical behaviour, mav be either 


^NH\ 

(i) C 6 H 4 <r .CO or (n) 

^ CO' 




\ 


X 


CO 


\ 

/ 


C.OH 


Now, there exist two methyr derivatives of isatin. One of these 
has been shown to have the constitution 

N(CH3) 


C6H4 


.^^co, and the other CgH 4 / \ 


CO 




C.OCH3 


Hartley and Dobbie, in 1899, compared the absorption spectra of 
these two compounds with that of isatin, and found that the latter 
was closely similar to that of the N-methyl derivative and was quite 
different from that of the other isomer. Hence, it was concluded that 
isatin must have the constitution represented by formula (i) given 
above. 

Another interesting case is that of phloroglucinol which according 
to its chemical behaviour may be either 


C.OH 


CO 





HC 

HO.C 


II * 


CH 

C.OH 


or (ii) 



2 


CH CHo 

Hartley, Dobbie and Lauder found that the absorption spectrum of 
the compound is similar to that of its trimethyl ether, CgH 3 (OCH 3 ) 3 , 
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^vhich, of course, can have only the phenolic structure. Hence they 
concluded that, when in the free state, phloroglucinol possesses the 
structure of a true phenolic edmpound [formula (f)]. 

Another example is that of ethyl acetoacetate which exhibits keto- 
enol iauiomerism : — 

CH3CO.CH2.COOC2ir5f=^Cll3.c(OH) = CH.COOC2H5 

The spectrum of the ester is found to possess no bands, whereas its 
metallic derivatives show a strongly banded absorption. Further, 
the addition of an alkali to the ester causes a banded spectrum to 
appear which becomes more and more prominent as the quantity of 
the alkali added is increased. Now% the metallic derivatives of the 
€ster must be regarded as being derived from flhe enolic form. Hence 
the ester itself must consist mainly of the ketonic form. 

. , QUESTIONS 

1. Bxplain the term parachor. To what use has the parachor determination 
been put by the organic chemist ? Give illustrative examples. 

2. 'NA^ite a short essay on the relation between physical properties and 

chemical constitution. {Punjab, B.Sc. Hons., 1924) 

3. “The chemical constitution of some substances can be determined from 
a study of certain physical properties.’- .Justify this statement. 

{Punjab, B.Sc. Hons., 1931) 

4. Give an account of the application of molecular refraction in the study of 
chemical constitution. 

5. Write a short account of the application of absorption spectra in tlie 
elucidation of molecular structure. Give illustrative examples. 


CHAPTER VII 


OPTICAL ACTIVITY AND POLARIMETRY 

47. Polarization of Light. To understand the phenomenon. 

known as “Polarization”, we may take the following illustration • 
Suppose we have a tightly stretehed string knotted niar the middle 
The knot IS free, to move m any direction at right angles to the string, 
Renee, if we pluck the string, the knot will be found in all probability 
to descTibe a series of figures varying between a circle and a straight 
line Every point on the string, will, of course, be vibrating in a 
similar manner. Not>, suppose that we take a card in which a slit has 
been cut, slip It on to the .string near the knot, and pluck the string 
once again. This time the knot will be found to vibrW only in one 
direction, namely the direction of the slit. Suppose that we now take 
another piece of card with a slit cut in it, and slip it on to the string 
near the first card. AVe shall then see that the knot can vibrate only 
when the slits he parallel to each other : if the two slits lie at an angle, 
the string is gripped, and is not able to vibrate at all at that point 

According to modern theory, a ray of light is propagated Wough 
.space as vibrations in ether, which take place in all directions 
perpendicular to the line of propagation of the ray (Fi<r 38A) If the 
ray be passed through a Nieol prism, cut in a certaiir manner from a 
crystal of Iceland spar (see a text-book of Physics), the vibrations 
get restricted and take place only in one direction. We say that the 
light has been polarized. In Fig. 38A, a beam, L, of ordinary light is 
shown to be passing in a direction perpendicular to the plane of the 
paper, the vibrations in ether taking place in all the dLctlons, 
bb, cc, etc. Fig. 38R shows a beam. L', of polarized light, in which 
the vibrations take place only in one direction, viz., aa A plane 
drawn through the direction of the polarized ray, and perpelidicular 
to the direction m which the ether vibrations occur, is called the 




HP 


A (ordinary liffht) 


Fi^j. 38 
88 


B (polarized light) 
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plane of polarization. In Fig. ZHB the plane of polarization cuts the 
plane of the pap^r along the line PP, 

If the polarized ray be passed through a second Nicol prism placed 
with its pjane of polarization parallel to that of the first, the ray will 
pass through it as it did through the first one. If we rotate the second 
prism, the quantity of light passing through will continuously diminish 
until when the prism has been rotated through an angle of 90®, the 
light will be entirely cut off. In other words, the position maximum 
brightness is followed at an interval of 90® by a position of maximum 
darkness, at an interval of 180® by a second position of maximum 
brightness, and at an interval of 270® by a second position of maxi- 
rnum darkness. The first Nicol prism, which causes [)olarization of 
light, is called the polarizer, while the second one, through which the 
polarized light is examined, is called the analyser. 


48. Optical Activity. If, when the polarizer and the analyser 

are in the |)osition of maximum darkness, we place between theni a 
tube containing a solution of cane-sugar, the field of view will be 
lound to have become more or less bright, showing that the plane of 
polarization of light falling on the analyser has been rotated by the 
cane-sugar solution. If now we slowly rotate the analyser towards 
the right, i.e., clockwise, the position of maximum darkness will once 
again be reaclied. The angle through which the analyser has to be 
turned, in order to attain the position of maximum (iarkness once 
again, measures the degree of rotation of the plane of polarization by 
the cane-sugar solution. 

Cane-sugar and other substances that have the power to rotate tlie 
plane of polarization in the above manner are said to be optically 
active. If, as in the case of cane-sugar, the analyser is to be turned 
towards the right (/.e., clockwise) to re-attain the position of mini- 
mum brightness, the substanqe is said to be dextrorotatory ; if, on 
the other hand, it is to be turned towards the left (anti-clock wise) 
the substance is called levorotatory. 


49. Polarimeter. The simi)lc arrangement of two Nicol 
prisms described above does not give accurate results, as the 
Jinalyser, when arranged in the position of maximum darkness, can 
^be turned through a small angle in either direction without allowing 
»ny light to pass through. Various types of polarimeters have been 
designed to overcome this difficulty. One of those in common u.se is 
the Laurent half-shadow polarimeter shown in Fig. 39. 

The arrangc/nent of the optical parts of this instrument is shown 
in Fig. 40. Monochromatic light from a sodium lamp, S, is passed 
through a cell, C, containing 0 per cent, potassium <lichromatc 
Solution, which serves to absorb the blue or violet rays, ^ext it 
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Fig. 39. Laurent’s Half-shadow Polarimetcr. 


f 


passes through the collimating lens, L, which serves to render the 
rays parallel, and then through the polarizer, P. The polarized light 
passes through the half-shade, H (see below), and then through the 



Fig. 40. Optical Parts of the Half-shadow Polarimetcr. 

liquid under examination contained in the observation tube, T. After 
traversing the liquid^ the polarized light passes through the analyser, 
and finally emerges from the instrument through the eyepiece of 
the telescope, 7’'. The analyser may be rotated through any desired 
angle, and the amount of rotation measured on a graduated scale. 

The half-shade, serves to determine exactly the point of 
maximum darkness. It consists of a combination of semi-circular 
plates of glass and quartz. Over a certain range of the scale the 
right-hand half of the field is darker than the left ; beyond this range, 
the left-hand half gets darker than the right-hand half. The inter- 
mediate position where the illumination is uniform on the two sides 
of the field is taken as the zero point. | 

Hxpt. 19. Prepare a 50 per cent, solution of pure glucose. (If the solution 
is not quite clear, it may be clarified by adding a little basic lead acetate 
solution and filtering through a fluted filter.) Carefully clean an observation 
tube and the two circular glass discs used to cover the two ends of the tube, 
Set up the polarimetcr in a dark room, and, using an observation-tube filled 
with water, determine the zero point of the polarimetcr. Then replace the obser- 
vation tube containing water with the one filled with sugar solution, and read the 
•angle of rotation. 
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50. Specific Rotation. The angle of rotation produeed by an optically 
active substance is directly proportional to the length of the liquid column 
traversed by the polarized light, and, in the case of a solution, to its concentra- 
A . It is also dependent on the temperature and on the wave-length of the 
light used ; hence in all polari metric observations we use the monochromatic 
' ’ light provided by the sodium dame (the D line). 

The optical activity of a substance is represented by its specific rotation ^ 
[<?], the value of which, in the case of a liquid, is given by the expression. 

^’here a is the observed angle of rotation, t the temperature in degrees centi- 
grade, I the length in decimetres of the liquid column in the observation tube, 
and d the density .of the optically active liquid at the temperature of the experi- 
ment. The fact that sodium light has been used in the experiment is indicated 
by the letter D. 

In the case of a solution of ;m optically active substance in water, or some 
other optically inactive solvent, the above expre.ssion becomes 

r 1 / 

I 

‘ "Where tv is the weight of the substance in grams present in v c.c. of the 

solution. 

The specific rotations at 20® of a few optically active substances arc given 
I m the following table : — 




ft 

d j. 

I 

If 

If 


Substance 

1 

Cane sugar 

I 

Glucose 

1 +52 -.5® 

F ructose 

O 

1 


For comparing the optical activities of different substances we employ the 
term molecular rotation. This is denoted by [MJ and is obtained by 
multiplying tiic .specific rotation of a substance by its molecular weight and 
dividing by 100 in order to avoid unwieldy figures : 

100 

51. Saccharimetry. In technical practice, the strength of a 
solution of cane-sugar is cletcnnined by means of a special form of 
polarimeter, known as a saccharimeter (See Fig. 41). In this 
instrument the scale expressing angular rotation is replaced by one 
graduated according to a system indicating percentages. The 


polarizer and the analyser are stationary, and the rotation of the. 



jl!*' 

r 


pensates 

<iu&rtz wedge is, therefore, termed a compensator. The scale reading 
percentages is attacherl to the compensator. The 100® point of the 
scale corresponds to the rotation of a definite wxdght (26 grams) 
of pure dry sucrose pre.sent in 100 c.c, of acjueous solution and 
Pleasured in a 2 dm. tube. An electric lamp is usually employed 
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as a source of light, for which use the saccharimeter is provided with 
a standard dichromate filter, or coloured glass of equivalent spectral 


value. 



Fiir. 41. Saccharimctcr. 

QUESTIONS 








1. Explain the following terms: (a) polarized HghL (6) optical activity^ ^ 

(c) specific rotation^ and (d) molecular rotation. _ , 

2. Describe with a neat diagram the various optical parts of a polarimeter. ^ 

3. How^ is the [concentration of a so.ulion of cane-sugar determined in < 

technical practice ? Describe carefully the various optical parts of a sacchari- ■ 
meter. In what important respects does it differ from a polarimeter ? . 



CHAPTER VIII 


^ STEREOCHEMISTRY 

m • 

j , 52. Discoveries of Biot, Hauy and Herschel. In ijj3, 

Bio^t showed that thin plates of quartz, cut at right angles to the main 
axj^, turned the plane of polarization of light through angles propor- 
tional to the thickness of the plates. He also noticed .that while some 
ijuartz crystals gave plates having a dextro-effect on the polarized 
light, others yielded plates having a levo-effect. In 3815, he made 
the further important observation that certain organic substances, 
turpentine oil and solutions of cane-sugar and tartaric acid, also 
possessed the power of turning the plane of polarization of light. 
Since then, many more optically active inorganic substances, e.g., 
sodium chlorate, sodium bromate'^'and ammonium lithium sulphate, 
and a far greater number of optically active organic substances have 
oeen discovered. 

, Biot found that a fundamental difference existed between optically 
active inorganic and organic substances. The former exhibit this 
I activity only in the crystalline form, while the latter show it in the 
liquid and even in the gaseous state. Thus, if the crystalline forms 
- of quartz or sodium chlorate be destroyed by fusion or solution, the 
optical activity at once disappears. This is not so in the case »f 
' cane-sugar or tartaric acid ; solutions of these substances are 
y optically active. Hence, Biot concluded that in quartz, etc., the 
optical activity is due to the arrangement of the crystalline particles, 
M’hile in tartaric acid, etc., it is due to the consiiiution of the 

molecules. 

The famous crystallographer Haiiy had shown that the fully 
developed “hemihedrar’ quartz crystals existed in two closely related 
forms having certain characteristic facets, or laces, which in the case 
of one form lay to the right and in the other to the left, the two 
*<;inds of crystals being related as an object to its image, or as a right 
, hand to a left hand. In the terminology, of crystallography, they 
4-’e said to be enantiomorphous (Gk. enantios, opposite ; morpfie 
^nn). 

In 1820, Herschel correlated the observations of Haiiy and Biot, 
^iKl showed that plates cut from quartz crystals having right- 
htuided hemihedral facets turned the plane of polarization to the 
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richt and those having left-handed hemihcdral facets turned it towards 
the left. Thus a useful relation between hemihedrism and optical 
rotation of crystalline substances was discovered. 


LOUIS PASTEUR 
(1822—1895) 

Pasteur, the well-known French 
scientist, rendered a signal service 
to chemistry when he set himself to 
the study of tartaric acids which 
resulted in the establishment of 
Sfereockcniistrif. His other important 
contribution is his famous work on 
the phenomenon of h ermentation. 
Pasteur’s devotion to his work is 
shown bv the interesting fact on 
record that he actually forgot his 
own wedding day and had to be 
hurriedly fetched from his laboratory 
t)y one of his friends. 

Pasteur’s well-known humanita- 
rian work on hydrophobia won for 
him an everlasting honour. The 
Pasteur Institute in Paris and other 
similar institutes all over the world 
bear testimony to this. 



53. Pasteur’s Work on .Tartaric Acids. Tartark^^^^ 
obtained from grape-juiee is optically active and turns tiie piai« 

of polarization of light to the right. The mother liquor obtained 
the^ purification of this acid contains another acid called 
which since it possesses exactly the same chemical properties as 
acid must have the same structure as the latter. However, raeeii^ 
acid'difTcrs from tartaric acid in its physical properties, and is op i ^ 

111^1844, Mitscherlich published the results of his 

examination of the sodium-ammonium salts ol tartaric and , 

acidT He -stated that these double salts ‘-have the same chemical 
composition, the same crystalline form with the same 
dissolved tartrate deviates the plane of polarization, whil 

mate is indifferent.” 
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“This note of Mitschcrlieh’s,” says Pasteur, “attracted my attention 
forcibly at the time of its publication. I was then a pupil in the 

Ecole Normalc, reflecting in my leisure moments on these elegant 
investigations of the molecular constitution of substances, and havino- 
reached — as I thought at least — a thorough comprehension of the 
principles generally accepted by physicists and chemists, the above 
note disturbed all my ideas. What precision in every detail ! Did 
tw^o substances exist which had been more fully studied and more 
carefully compared as regards their properties ? But how, in the 
existing condition of the science, could one concei\'e of two substances 
so closely alike without being identical 

Pasteur had once wondered whether the organic substances posses- 
sing optical activity in ’ solution w^ould show hemihedrism in their 
crystals. He had found that tartaric acid, wdiich is optically active, 
did form hemihedral crystals, w'hile racemic acid, wdiich is "optically 
inactive, did not show' this phenomenon. “Hence,” says Pasteur, “I 
thought at once that Mitscherlich w'as mistaken on one point. He 

had not observed that his sodiumammonium tartrate was hemihedral 
W'hile his racemate was not. 11 this is so, the results in his note are 
no longer extraordinary ; and further, 1 should have, in tin's, the best 
test of my preconceived* idea as to the inter-relation of hemihedry and 
the rotatory phenomena.” 

In 1846, Pasteur proceeded to re- investigate the problem. The result 
of his research may be stated in his own words ; — 

“I hastened, therefore, to re-in\estigate the erystailine form of 
Mitscherlich’s two salts. I found, as a matter of fac*t, that' the tar- 
trate was hemihedral, like all the other tartrates w'hich I had 
previously studied, but, strange to say, the racemate was hemihedral 





irtnite, 


Fig. 42. Crystals of (A) Sodium Ammonium rf-Ti 

(li) Sodium ammonium /-Tartrate. 

^ also. Only, the hemihedral faces, which in the tartrate were all 
f turned the same way, were, in the racemate, inclined sometimes to 
the riolit and som'etimes to the left (Fig. 42 and E), In spite of 
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the unexpected character of this result, I continued to follow up my 
idea. I carefully separated the crystals which were hemihedral to 
the right from those hemihedral to the left, and examined their 
solutions separately in the polarizing apparatus. I thei^aw witl) no 
less surprise than pleasure that the crystals hemihedral to the right 
deviated the plane of polarization to the right, and that those hemi- 
hedral to the left deviated it to the left, and when I took an equal 
weight of each of the two kinds of crystals, the mixed solution was 
indifferent towards the light in consequence of the neutralization of the 
two equal and opposite individual deviations.” 

Pasteur's announcement of the above discovery was received at 
first with . incredulity by the scientific world, and the French 
Academy of Sciences delegated Biot, the greatest (living authority on 
polarized light, to examine Pasteur’s statements. An account of 
the dramatic scene which followed has been left on record by Pasteur 
himself : — 


‘‘He [Mr. Biot] sent for me to repeat before his eyes the several 
experiments. He gave me racemic acid which he had himself 
previously examined and found to be quite inactive to polarized light. 
1 prepared from it in his presence the sodium ammonium double 
salt, for which also he desired himself to provide the *soda and 
ammonia. The liquid was set aside for slow evaporation in one of 
the rooms of his own laboratory, and -when 30 to 40 grams of crystals 
liad separated he again summoned me to the College de France, so 
that 1 might collect the dextro- and levo-rotatorj’ crystals before his 
ey*es, and separate them according to their crystallographic character, 
asking me to rcjieat the statement that the crystals which I should 
place on his right hand would cause deviation to the right, and the 
others to the left. This done, he said that he himself would do the 
rest. He prepared the carefully weighed solutions, and at the moment 
when he was about to examine them in the polarimeter, he again 
called me into his laboratory. He first put the more interesting solu- 
tion, which was to cause rotation to the left, into the apparatus. 
Without making a reading, but already at the first sight of the colour 
tints presented by the two halves of the field in the Soleil sacchari- 
meter, he recognized that there was a strong I'evo-rotation. Then the 
illustrious old man, who was visibly moved, seized me by the hand, 
and exclaimed : ‘My dear child, I have so loved the sciences throughout' 
my life that this makes my’^ heart leap with joy I” 

Pasteur further discovered that of the two kind_s of crystals obtain- 
ed from sodium ammoniurn racemate, the one shoA\ing dextro- 
rotation gave an acid identical with natural tartaric acid in every 
respect, whereas the other gave an acid w hi ch in aqueous solution 
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showed le VO- rotation. On mixing concentrated solutions of equal 
amounts of the d- and /- tartaric acids, obtained as above, a precipi- 
tate of optically inactive racemic acid was at once formed. Thus 
Pasteur was able to show both analytically, and synthetically, that 
racemic acid is a mixture of equal quantities of tartaric acid obtained 
from grapes and the hitherto unknown /-tartaric acid. For this reason 
racemic acid is also called d/-tartaric acid. 

Pasteur found that d~ and /-tartaric acids were identical in crystal- 
line forms, melting-point and solubility. The only two points in 
which they differ from each other are: (a) their rotatory powers, 
which are" equal but opposite, and (6) the disposition of the hemi- 
hedral facets of their crystals, which are related to one another as an 
object and its image. Pairs of chemically identical substances related 
in this manner are called optical isomers, optical antipodes, enatio- 
mers or enantiomorphs. 

At the time of Pasteur’s researches, the theory of molecular struc- 
ture of Kekule (Sec. 30) had not yet been pronounced. It was, there- ( 
fore, not possible to represent structurally the d- and I- tartaric acids.' 
However, Pasteur’s keen judgment led him to conclude that the mole- 
cules of the two tartaric acids possessed identical composition 
and structure, but differed in spatial arrangement so that one was the 
mirror image of tlie other. 

54. V^islicenus’ View on Isomerism of Lactic Acids. 

In 1863, Wislicenus published a remarkable memoir on the synthesis 
of lactic acid. His method consisted in acting upon ethylene ehloro- 
hydrin with potassium cyanide and hydrolysing the nitrile so formed. 
In 1780, Scheele had diseov^ered lactic acid in sour milk, and, in 1807, 
Berzelius obtained a similar acid, called sarcolactic acid from muscle 
juice. The acid was found to differ from the sour-milk acid in being 
dextro-rotatory, the former being optically inactive. Chemically, 
the two acids were found to be identical, though they differed in certain 
physical properties. (See table under Lactic Acid). Wislicenus 
meditated upon this remarkable fact for several years, and in 1873, 

' expressed the following view : “If it is once granted that molecules 
can be structurally id^itical and yet possess dissimilar properties, it 
^ 4 can only be explained on the ground that the difference is due to a 

. d 1 ftr* rf.T’i f ti i»'n« t nf thciT atOinS ill SOHCC. ^ 




. 1 ^ ! 
. i 




different arrangement of the 

55. Le Bel and van;t Hoffs’ Theory. ^^tiinu ^ V tile 

work of Pasteur and of Wislicenus, a “space theory” of the isomer- 
ism of ojitically active compounds was developed independently and 
almost simultaneously in 1874 by Le Bel and van’t Hoff. According 
in this theory the four valencies of a carbon atom are directed toxvards 
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the four corners of a regular tetrahedron^ constructed around the carbon 
atom as centre. 


a 


By reference to Fig. 43 it can be readily seen that if the lour solid 
angles of the tetrahedron are occupied by four different atoms or 
groups (a, h, c and d), the resulting configuration is capable of existing 

in a right-handed form and a left- 
handed form. The mirror-image 
relationship of the molecule is repeated 
in the optical and crystallographic 
properties of the substances. The 
stereo- chemical figures such as those 
given in Fig. 43 are called space 
formulae. By reference to these it 



will be seen that the molecule of an optically active comjwund possesses 
no plane of symmetry. 



JACOBUS HEXHICUS VAX T 
HOFF (1852-1911) 
was a Dutch physical chemist, 
born in Rotterdam, Holland. He 
began his career of research with 
experiments regarding cyanoacetic 
and malonic acids. In 1874., he 
put forward the “theory ol 
asymmetric carbon atom," which 
laid the foundation of Stereo- 
chemistry. In 1884-, he published 
his very important work on the 
application of thermodynamics to 
chemical reactions, which is 
usually regarded as his 
contribution to physical chemistry. 
In ISSG, he published the results 
of Ills study of dilute solutions, 
and showed the analogy existing 
bot%vcen them and giises. 


A carbon aton; ..rdeed to four different ntoms or groups is known as 
m a.sym metric csirbou aitom. Of course it is not tlic atom itself that 
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is asymmetric, but the molecule that contains it. Tlie stereo-isomerism 
exhibited by compounds containing one or more asymmetric carbon 
atoms is called optical isomerism* since it is associated with optical 
activity, and is to be distinguished from geometrical isomerism 
{Sec. 02), which is not necessarily associated with optical activity. 

Le Bel and van’t HolTs’ theory of stereoisomerism is supported l)v 
the following facts : — 

(1) All substances capable of existing in optically active forms 
possess one or more asymmetric carbon atoms. 

(2) If by any means the asymmetric character of the molecule is 
destroycfi, [e.g., in the c;ise of lactic acid, CH3.cn (OH). COOH, by 
reduction to propionic acid, CH3.CH2COOH], the optical activity 
<ilso disappears. 

(3) The absence of isomeric forms of such substances as methylene 
ehloride, CII2CI2, which, if all the four carbon v^alencies lay in the 
same plane, should exist in two forms, 

t Cl CA 

: • I i 

V (i) H-C-Cl and (ii) H-C— H 

I t 

II Cl 

^n spite of ipuch research, no such isomerism has ever 
i been found to exist. 

^ (‘t) Brazil’s X-rav analysis of the structure of diamoiifl 

ijjV 

shows that in this substance the carbon atoms arc united 
by tetrahedrally directed valency bonds (Fig. 44). 



Fi/JC- '14. 'I’lie 
Diamond 
Fat ice. 


56. Isomerism of Compounds containing One Asym- 

etric Carbon Atom. The more familiar examples of l ompounds 

m * M . m M 


metric 

I* <^*ontaining one asymmetric carbon atom are : 

Lactic acid, CH3.CH(OH).(:OOH 
Mandelic aciil, CgH5.(dI(0II).C001I 

.Malic acid, ('OOH,(TI(OH).CH2.COOH 

I DC CH.. 


n,c( 


\ 


XII 


iV' 


Conniinc, ^*2' v ✓ 

’ ^ \ / 

IljC liC.CPb 

Each of these eompounds can exist in three forms, two of whieli aix* 
^Mdieally active and the third ojdieally inactive. Of the two optically 
active Torf)is, one is dextro-rotatory and the otla r levorotatory. These 
^'Vororms turn the i»lane of pi>lariza( ion through the same .'m«^lc, 
^oowgh III opposite directions. Whili the exception <'f this point, the 
Dvo ismerides possess exactly i<lentieal prof)crties. The third form is 
produced by mixing oqnimolceular tpiaiitities of the d- and /-forms amt 


if 
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is optically inactive, owing to the mutual, or, as we say, external com- 
pensation of the tw’O constituents. An inacti\ e product of this ty pe 
is called a racemic compound or racemic mixture and is distinguished 
by the prefix r- or dl-. When in the crystalline state, dl-fovm is 
frequently a definite compound having double the molecular weight of 
the d- or /-modification. In solution, or in the liquid state, a racemic 
compound exists as a mixture of the r-modification in equilibrium 
w ith equivalent quantities of the d- and /-forms, A racemic compound 
may be resolved into its optically active components by methods 

described in Sec. 61. 


57. Compounds containing Two Asymmetric Carbon 

Atoms A compound containing two dissimilar asymmetric carbon 
atoms, is capable of existing in or 4, optically active forms nwde 
up of two pairs having equal and opposite rotatory power ; m addition 
to these there exist two inactive racemic forms. Representing the 
two carbon atoms by and Rand their different spatial configurations 

bv si<ms 4- and — , the four optically active forms are : 

' ° (1) (2) (3) (4) 

4- A —A. -hA —A 

_i-B —13 —13 

An example of this class is CgHs.CHBr.CHBr.COOH, dibromocin- 
namic acid, which exists in six forms, four active and two racemic 
Compounds containing tw^o structurally similar asymnietric carbon 
atoms can have three configurations. In this case A=B, and hence 
the configurations (3) and (4) of the preceding case become identical : 

(1) (2) (3) 

Ia -a +a 

Modifications (1) and ^(’ 2 ) are optically active, while (3) is 
bv what is termed, internal compensation, the dextro-rotator\ eftect 
of one of the carbon atoms being exactly counterbalanced by the levo- 
rotatorv effect of the other. A compound of this type is described as 
i- or weso-compound, and, unlike a racemic compound, is non- 

^^Tn addition to the above three forms, there exists an inactive 
racemic form containing equivalent quantities of the active enan lo- 
r»nnrn]i«; thc inactivitv being due to external compensation. 

The best known example of isomerism exhibited by compounds 
containincr two structurally similar asymmetric carbon atoms^ is 
furnished'’bv dihydroxysuccinic acid, or tartaric acid, which exists in 
fLr forms: As^ already mentioned the acid derived f^P/: 

juice is d-tartaric acid. The optically inactive racemte acid <>btained 
from the mother liquor of d-tartaric acid, is the di-acid formal by the 
union of equivalent quantities of d- and /-tartaric acids, ^can 
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resolved into its d~ and /- constituents by the mechanical separation 
of the hemihedral crystals of its sodium ammonium salt, followed by 
treatment of the two kinds of crystals with a mineral acid. The 
i internally compensated form, known as mesotartaric acid, is readily 
obtained (along with dU tartaric acid) by heating d- tartaric acid with 
a little water at 165°, 

The four isomers are represented by the following projection formula?^: 

COOH COOH COOH 

! I 

H-C-OII HO— C— H 

I I 

HO— C-H H-C-OH 

! I 

COOH COOH 

1. d- Tartaric acid 2 . Tartaric acid 



H-C-OH 

I 

H-C-OH 

I 


COOH 

3. i- Tartaric or 
Meso-tartaric acid 


4, d?- Tartaric acid or Racemic acid. 


I 




* ^ 

% 

’ll'' 


• 

* • 

Property 

d-Tartaric 

acid 

f-Tartaric 

acid 

i-Tartaric 

acid 

Racemic 

acid 

1 . Crystals. 

Monoclinic, 
anhydrous 
prisms; 
m.p. 170® ; 
show hemi- 
h e d r a 1 
facets. 

Same as the d- 
acid, except 

that the hemi- 
bedral facets 
are turned in 
opposite direc- 
tion to those in 
d-acid. 

1 

t Rectangular 
clllorescent 
plates ; • con- 
tain IH 3 O ; 

m.p. 143° ; 

show no 

hemihedral 
facets. 

1 

;RIiombic, 'efliore- 
; scent crystals ; 

' contain IH^O ; 
m.p. 20G° : show 
no hemihedral 
facets. 

2 . Action on 
polarized 
light. 

Dextro-rota- 

tory. 

De VO- rotatory. 

Inactive bv 

1 * 

internal com- 
pensation. 

Inactive by ex- 
ternal compen- 
sation. 

S, Sodium 
ammonium 

Crystals 
show hemi- 

Crystals show 
hemihedral 

Crystals show' 
no hemihedral 

Two kinds of 
crystals, some 

, salt. 

hedral facets. 

facets liirnefl 
in the opposite 
direction to . 

t hose in the d- 
tartrate. 

facets. 

hemihedral to 
the right, others 
to the left : 

mechanically 

separable. 

Potassium 
j hydrogen 

Sparingly | 
soluble in 1 

Sparingly solu- ^ 
hie in water. 

Readily solu- 

-li 

hie in water. 

Ueadilv soluble 
in water. 


salt. 


water. 


The j) reject ion formula of an internally compensated stcreoisonjcrifle is 
identical with its mirror image ; hence it can be made to coincide with the latter 
\>y rotation in the plane of tlie paper. If the projection formula of a ster<‘ 0 - 
isomeri(|es is not iilcntical w'ith its mirror image, if it cnnntd^ he nruide to 

‘‘oincicle" with the latter by ndation in the plane of the paper, [it evidenUy 
Tcpresents an optically active Ktereoisomcride, the inirror-image representing 
ti»e projection formula of the optical antipode. 
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58- Compounds containing more than two Asymmet- 
ric Carbon Atoms. The number of possible stereoisomerides 
increases rapidly with an increase in the number of asymmetric 
carbon atoms. A compound containing n asymmetric carbon atoms, 
each of which is structurally different from all the rest, can exist in 
2” stereoisomeric forms consisting of a number of pairs of mirror 
image isomerides having equal and opposite rotations. If two or 
more of the carbon atoms be structurally identical, some of the 
possibilities of isomerism will vanish as in the case of tartaric acids. 

59- Physiological Distinction between Optical Anti- 
podes. In their physiological action the optical isomers show a 
profound difference. Thus, /-nicotine, which is obtained from tobacco 
leaves, when injected into the blood of an animal, produces pain, 
excitation, and finallv death. The d-nicotine, on the other hand, 
which can be obtained synthetically, causes only a strong temporary 
shivering when similarly injected. Several other cases of antipodes 
showing profound difference in their physiological action are known. 

Pasteur explained this difference in physiological action by assum- 
ing that 'the nerve and tissue components of our bodies are themselves 
asymmetric, and consequently react differently towards dextro- and 
the levo-isomerides. Similar differences of a biochemical nature 
have been observed in the behaviour of optical antipodes towards 
ferments, and are utilized in the separation of racemic compounds 
into their optically active components. 

60. Racemization. As already mentioned, d-tartaric acid, 
when heated with water under pressure, yields racemic acid. If 
/-tartaric acid be similarly treated, we get the same result. Many 
other optically active substances pass into the externally compensated 
forms wdien submitted to the action of heat or chemical reagents. 
Sucli a process of inactivation is called “racemization. 

AVerner explains the phenomenon of racemization by imagining 
that each of the four groups attached to the asymmetric carbon atom 
is in oscillation within an independent orbit. Under the influence 
of a racemizing agent the amplitude of the oscillation is increased, 
with the result that a mutual invasion of the orbits occurs. This 
makes it possible for the d-form to pass into the /-form, and vice ve?'sa. 
A dynamic equilibrium between the tw^o forms is thus established 
when equal numbers of the two kinds of molecules have been produced. 

61. Preparation of Optical Antipodes. The methods of 
preparation of optically active substances may be divided into the 

following classes : — • 


Sec. 61. J 


STEREOCHEMISTRY 


103 


[H 

j. 

ed 

■d- 

Ilf' 


(1) Resolution of Racemic Compounds. When a compound 
containing one or more asymmetric carbon atoms is synthesized from 
optically inactive materials, it is found that the product is always 
optically inactive, consisting of equi molecular quantities of the d- and 
^-isomers. The methods that are employed for the resolution of such 
racemic compounds were all discovered by Pasteur. They are ; — 

(fl) Spontaneous Separation, When the two antipodes form well 
developed crystals showing hemihedral lacets, as in the case of sodium 
ammonium d- and /-tartrates (Sec. 53), the separation can be readily 
effected by hand-picking. The method is known as the “spontaneous” 
separation of the antipodes, since under proper conditions the dextro- 
rotatory molecules congregate spontaneously into one kind of crystals, 
while the levo-rotatory molecules assemble together to form the other 
kind of crystals. Such a separation occurs only below the so-called 
transition temperature. Thus, in the case of sodium ammonium 
racemate the transition temperature is 27°. If the crystallization be 
elfeeted above this temperature, holohedral symmetrical crystals of 
the salt separate out, containing e(iual numbers of the dextro- and the 
le vo-rotatory molecules. TLliis method has a very limited application, 
since the formation of mechanically separable crystals has been obser- 
ved in very few cases. It was lirst used by Pasteur in 1848 to resolve 
racemic acid. In 1892, Purdie and Walker made use of this method 
for resolving d/-lactic acid by the crystallization of the zinc ammo- 
nium salt. 

(b) Biochemical Method, This method is based on the fact that 
when bacteria, fungi, or yeasts are allowed to grow in a solution of a 
racemic compound, one of the optical antipodes is destroyed much 
faster than the other (selective^ assimilation). Thus Pasteur, in 1851, 
discovered that when a species of the green mould, prnicilLium 
glaucum, is allowed to grow in a solution of ammonium racemate, the 
d-tartrate is completelv destroyed, while the /-salt is left practically 
unaffected. In 1890 ,* Fischer found that yeasts fermented optically 
inactive sugars, synthesized l)y him, such as dZ-glucose and dZ-fructose, 
destroying in each case the naturally occurring d-sugur mid leaving 
hfiKinri nnL'nrvwn /-su!?ar. The selective assimilation is 


behind the hitherto unknown /-su 

' ft was forme riv suiVposTd tliat the action o a niicro-orgnnism Wiis corilined 
jOnly to one of the antipodes, the other being left entirely unaffeeted. I/' 

‘McKenzie and Harden showed that this is not the case; but that both the 
enantioniorphs are attacked, thougli at very different rates. It has further been 
shown that an organism may be acclimatized to the second form so as even- 
tually to cause its rapid fermentation. Thus, a micro-organism which will nor- 
mally briivr about the fermentation of d-tartanc acid more readily than that ot 
the /-iieid, niav. if starved, be eventually persuaded to attack the /-isomer and 
“fter a time it develojis such a taste for the /-acid that it scarcely touches the 

^^■isomcr. 
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supposed to be due to the asymmetry and optical activity of the 
enzymes present in the micro-organism. According to Fischer, the 
molecular configuration of the enzyme concerned conforms to that of 
the isomer undergoing fermentation as the key to the lock. \ 

This method, like the previous one, is of use only in a few cases. 
Moreover, it is slow and uneconomical, as at least half of the substance * ■ 
is destroyed. 

(c) Salt formation with Active Bases or Acids. This is the most 
important method, and is based on the following principle : When 
a racemic mixture of an optically active acid (d-A+Z-A) is made to 
combine with an optically active (say levo-rotatory) base, Z-B, two i 
salts are produced, viz.^ 

d-A-Z-B and Z-A-Z-B. 

* « 

The pair of salts (unlike that obtained with an optically inactive base, 
such as sodium or ammonium hydroxide) is not enantiomorphous. 
The two salts, therefore, possess different solubilities and may be 
readily separated by fractional crystallization. The individual salts 
may then be decomposed by hydrochloric acid to obtain the two 
optically active acids. For example, Pasteur, in 1853, found that 
racemic acid when combined with quinine, a levo-rotatory alkaloid, 
gives the far less soluble quinine d-tartrate and the fairly soluble 
quinine Z-tartrate. With cinchonine, on the other hand, Z-tartrate is 
found to be the less soluble salt; hence, on fractional crystallization, , 
this salt separates out first. 

Similarly, a racemic base may be separated into its optically active 
constituents by making it combine with an optically active acid, and 
submitting the resulting salts to fractional crystallization. 

(2) Asymmetric Synthesis. As is w'ell known, w'hen a compound 
containing an asymmetric carbon atom is synthesized from substances 
having no asymmetric carbon atoms, the new product is always of the 
racemic type, e.g., . i 

CgHj.CHO -f-HCX — ► CeH,.CH(OH)CX 
Henzaldehyde d/-Mandelonitrile ! 

On the other hand, if a compound containing an asymmetric carbon 
atom be synthesized under the influence of an optically active grouping 
which is subsequently removed, the product may exhibit optical 
activity. A synthesis of this type is called asymmetric synthesis. j 

Of the many asymmetric syntheses effected by various investigators 
the following may be mentioned : — 

(i) Marekwald, in 1904, prepared an active Z-valeric acid by heating I i 
at 170® the acid, brucine salt of methyl-ethyl-malonic acid, until no • i 
more carbon dioxide was evolved. Representing the brucine molecule, I c 
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CjjHjjNjOi, by B, the change may be represented as follows • 

CH 3 ^c^H CH3. . .H 


Acid brucine salt of 
Methyl-ethyl-nmlonic 
acid. 


’'COO(BH) 
Acid brucine salt 
of /-valeric acid. 


C,H 


>C< 


COOH 


/- \ aleric acid. 


(it) Another example of asymmetric synthesis is the preparation of 
lactic acid, containing an excess of the /-isomer, by McKenzie and his 
co-workers. This was effected by reducing /-menthyl (or /-bornyl) 
pyruvate with aluminium amalgam and water : 

2H HCl . 

CHjCO.COOR — ^CH3.CH(0H}.C00R — ►CH3.CH(0H).C0()H 
Pyruvic ester Lactic ester Lactic acid. 

When the d-amyl ester of pyruvic acid was used, an excess of the 
o-lactic acid was formed. 

{Hi) McKenzie and Wren found that when /-bornyl ester of fumaric 
acid is oxidized by means of potassium permanganate, a mixture of 
and /-tartaric ester, containing an excess of the latter, is formed. 
When the bornyl group is removed by treatment with hydrochloric 
^cid, the levo-rotatory tartaric acid is obtained. 


CH.COOR HjO-l-o CH(OH).COOR iicl CH(OH).COOH 

CH.COOR CH(OH).COOR CH(OH).COOH 

When 6?-bornyl fuinarate is used, the product is found to contain an 
excess of d-tartaric ester. 


(iv) Rosenthaler, in 1909, obtained /-mandelic acid by making 
benzaldehyde combine with hydrogen cyanide in the ’ presence of the 
enzyme emulsin, and hydrolysing the resulting cyanohydrin : 

IICN 11. oil 

C3H5.CHO — ^ CaH;..CH(OH).CN — ► CeH3.CH(OH).COOH 
Benzaldehyde /-Mandelonitrile /-Mandelic acid 

(3) Production of one Optical Antipode from Another. An 
optical isomer may be obtained from its antipode in two ways : 

(n) The optical isomer available is first racemized (Sec. 60) and the 
second isomer is then separated from the racemic mixture (Sec. 61). 

(b) Optical Inversion or Walden Inversion. Walden, in 1893, found 
that, when one radical in an optically active compound is replaced 
hy another, the configuration of the new compound may be influenced 
by the nature of the reagent employed. Thus, when /-chiorosuccinic 
*cid is treated with silver hydroxide L/-malic acid is formed, but if 
dilute potassium hydroxide be used . to bring about the hydrolysis, 
d-inalic acid is obtained. A change of configuration efl’ected in this 
banner by means of suitable reagents is called .“optical inversion'’ 
“Walden inversion.’* 


106 


MODERN ORGANIC CHEMISTRY 


[Sec* 62 i 


A complete scheme summarizing the observations of W alden is 
given below : 

^ NOCl . . . KOH 

>/-chloro-succinic acid ^ d-Malic acid 

PCU 


/-Aspartic acid 
NHO2 


AgOH 


AgOH 
PCI5 

>/-Malic acid^=^d-cbloro-succinic acid. 

KOH 


Emil Fischer, in 1911^ showed that a-amino and a-halogen acids 
undergo optical inversion under suitable treatment. Many other cases 
of W^alden inversion have been studied, ^ but no comprehensive expla- 
nation of the phenomenon has so far been offered. 

■ 62. Geometrical Isomerism. W’hereas tartaric acid exhibits 
stereoisomerism, succinic acid does not. and is knovsn only in one 
form. If the single bond that unites the tetrahedra representing the 
two carbon atoms were of a rigid type, the following two configurations 
for succinic acid would be possible. 


r r 


coon 


H 




COOH 



II 


COOH 


(1) 





But since the isomerism among symmetrical saturated substances of 
the aboVe type is not known, it must be coneluded that there occurs a 

free rotation of carbon atoms about the single bond. It is assumed that 

the atoms or groups united to the singly bound carbon atonis 
exert a mutual directive influence on each other, until by vmtue ot 
free rotation about the common axis, the whole sy§tem acquires the 
most stable configuration. 

W^ithjcompound_s containing doubly bound carbon atoms, however, 
the ca^ is otherwise. All independent rotation of the tetrahedra 
here ceases, as they are held together at two different points. Hence, 


compounds of the type ^>6 — also of the t\ pe 
are found to exist in two stereoisomeric lorms having the 


^ BawaHvartar Singh's paper : *‘The~ Warden Immersion 

aharaiaU's College, Vizianagaram, \ ol, II, No. 1, pp. 1 to 11. 


Science Association, Maliaraj 
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configurations : 



For the sake of convenience, 
projection formulae as follows : 


and (2) 


these configurations 



epresented 


a^C—b a—C—b 

( 1 ) If and (2) !! 

a — C — b h — C — a 




Compounds represented * by configuration (1), t.e., those in which- 
similar groups he on the same side of the molecule, are known as the 
cis- isomers, while those represented by configuration (2), having similar 
groups on opposite sides, are called trans- isomers. 

The most familiar example of the cis-trans=isonierism or geometri- 
cal isomerism of this kind is that of maleic acid and fumaric acid : 


H— C— COOH 

II 

h_c—cooh 

Maleic acitl 


H— C— COOH 
!l 


HOOC— C— H 
Fumaric acid 


The two acids possess different physical constants. Moreover, they 
behave differently when heated. Maleic acid, on being heated, readily 
loses a molecule of water, yielding an anhydride, while fumaric acid 
does not. When the latter is strongly heated it is partially converted 
into the anhvdride of maleic acid. Because of the ready formation of 
the anhvdride, maleic acid is assigned the ci^-formula and fumaric acid 
the /mn5-formula. 

II— c— COOH “HjjO H_c— CO 

ii i — II >o 

H— C— COiOH H~C— CO 

Maleic acid Maleic anhydride 

Other derivatives of ethylene, containing two dijferent groups linked: 
to each doubly bound carbon atom, also show geometrical isomerism 
(c.g,, dimethylethylenes, CHa.CH^CH.CHj and crotonic and isocroto- 
nic acids, CHg.CH^CH.COOH). 

The geometrical isomers of the ethylene series are interconvertible 
under certain conditions. Thus, when an aqueous solution of maleic 
acid is heated with a small quantity of hydrochloric acid, it gets trans- 
formed into fumaric acid. 
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^=‘83. Stereochemistry of Nitrogen. There are two groups 
of stereo-isomeric nitrogen compounds, which are exactly analogous 
to the two classes of stereo-isomeric carbon compounds already ^ 

'described: — . t_ u i. 3* 

(1) Optically Active Nitrogen Compounds. Although the three | 

valencies of the trivalent nitrogen atom appear not to lie all in the | 

same plane, all attempts to prepare optically active compounds of 

the general formula Na6c have hitherto failed. It must, therefore, be 

♦concluded that the system is sufficiently mobile to bring about rapid 


racemization. 

Xhe compounds derived from tetra-co valent nitrogen, however, do 
exhibit optical isomerism. The case appears to be parallel to that of 
the compounds containing an asymmetric carbon atom. The substi- 
tuted ammonium salts of the general formula ^obcdX occur in two 
•optically active forms of equal and opposite rotation, and an inactive 
racemic- form containing equimolecular quantities of the d- and Z- forms. 
Thus in 1899 Pope and Peachey resolved methyl-allyUphenyl-benzyU 


ammonium iodide. 


r cn 




Hs 1 




by fractional crystallization of its d-camphorsulphonates from a non- 
hydrolysing solvent (ethyl acetate or acetone). The d-camphorsul- 
phonate of the d-base proved to be the less soluble salt. This and the 
d-camphorsulphonate of the Z-base were obtained pure. The two salte, 
on being separately treated with potassium iodide, gave the sparingly 
soluble substituted ammonium iodide, which had a specific rotation ot 

approximately ±52° in chloroform. , - j-j • 

When a chloroform solution of the substituted ammonium iodide is 

warmed or allowed to stand for a few days, racemization takes 
This appears to be due to the dissociation of a molecule of the iodide 

followed by recombination in a different manner. ~ ^ u 

Several other compounds of the general formula Noied X have been 

resolved bv different investigators. 

Another class of optically active nitrogen compounds, namely tne 

amine oxides of the general formula ^^ve been prepar- 

ed and resolved by Meisenheimer. 

A third class of optically active nitrogen bases, namely ttie suo- ^ 

stituted quarternarv azonium bases of the general I 

NRiR 2R3(NH2)]OH, have been prepared and resolved by the weii- 

xnow'n Indian chemist, Bawa Rartar Singh. ^ 

According to modern views, the^nitrogen atom in the ammonium 
and substituted ammonium compounds is tetracovalent and not 

1 J.C.S. lOT^TOS ; <i04T 105 > ; 1920, 117 , 1202. 
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pentavalent as was formerly supposed. The four valencies of the 
nitrogen atom, like those of the tetracovalent carbon, are supposed 
to be directed towards the four angular points of a regular tetra- 
hedron, at the centre of which the nitrogen atom itself lies. The 

stereochemistry of nitrogen is therefore strictly analogous to that of 

carbon. 



BAWA KARTAR SINGH, 



a member of the Indian Educational 
Ser\ice. He is a well-known organic 
chemist, and has done valuable work in 
the field of Stereochemistry. He lias 
also developed a, new method for the 


preparation of tertiar}" amines. 


(2) Nitrogen Compounds Showing Geometrical Isomerism. 
Starting from the consideration that a very large number of organic 
compounds exist in which a tri valent nitrogen atom takes the place 
of a CH group (€,g., benzene, CgHg, and pyridine, C 5 H 5 N) Ilantzsch 
and Werner came to the conclusion that the three nitrogen valencies 
occupy relative positions which are similar in direction to the three 
free valencies in the CH-group. Hence, when two nitrogen valencies 
bound to one carbon atom, there results a case of geometrical 
isomerism which is exactly analogous to that of ethylene deriva- 
tives (Sec. C 2 ) and which may be expressed by the following space 

formulae : — ^ 


a—C—b 


C — 
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Numerous examples of this type of isomerism have been found 
among unsymmetrical oximes. Thus, benzaldoxime exists in the 

following two forms : — 

(i) CgH,— C— H {ii) C.IIs— C— H 

II ' II 

N— OH HO— N 

I3enz-s^?i-alcloxime Renz-tiw/i-aldoxime 

The determination of configuration of the stereoisomeric aldoximes 
is based on the principle of intermolecular reaction bet\veen groups, 
which are spatially contiguous. One of the forms, on being treated with 
acetic anhydride, loses water, yielding a nitrile, while the other is more 
stable and^ gives an acetyl derivative. The former is supposed to be the 

swM-isonier and the latter the finti-isoucieT . 

As to the configurations of the stereoisomeric ketoximes, conflicting 
views are held, and for the present the problem remains unsolved, 

64. Steric Hindrance. This is a stereochemical phenomenon 

unconnected with isomerism. It refers to the influence exerted on a 
reacting group by the spatial disposition of neighbouring atoins. 

The first case of steric hindrance was discovered by Hofmann in 
1872, It was found that certain aromatic tertiary amines. RiR2ll3^ . 
where Ri, R 2 ‘ «i^cl Ro are larger groups, will not react with methyl 
iodide to form quaternary ammonium salts. In 1884. Hofmann found 
that tetramethyl- and pentamethyl-benzondriles, 


cx 


cx 


I 13 C 

llgC 




CHg 

Ctlg 


and 



II gC' cii 


IlgC. >CII 


3 


CH 


cannot be hydrolysed by the usual reagents. Since tlien, a large 
number of cases of steric hindrance have been observed by various 
investigators, and an explanation of this phenomenon has been 

offered. 

It is assumed that each atom in a molecule vibrates about a certain 
mean position, and that the ami>litude of the vibration 's fluite ap- 
preciable when compared with tlie size of the molecule itselt. It tins 
be so the atom will require for its vibration a space somewhat larger 
than its own vohirne. It is quite easy to see that if another atom 
were to force its way into the vibration sphere of the first atom, 
collisions between the two will occur with the possible result that one 
of them is driven back. TJie case is similar to that of a person trying 

to force his way into a crowded room. 
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_ Now in the case of a chemical .reaction two or more erouns 
involved. TJiese will react with one another^onlv if they come'within 
range of each other’s-attractions. If we surround one^onte ^ns 
with such a mass of atoms that the other group or groups concernecl 
m the reaction are unable to torce their way in, we shall be able to 
hinder the progress of the reaction. Thus in the case of tertiary 
amines, studied by Hofmann, the nitrogen atom is surrounded "by 
groups (Hi, Hg and H 3 ) that are of such a size as not to permit the 
methyl group of methyl iodide to come near the nitrogen atoms 
Hence, no combination occurs. Similarly, the CX-group in 
tetramethyl-’and pcntamethyl-benzonitriles is protected froin reaction 
by the crowding round it of the methyl groups. 

Victor Meyer in 1894 found that di-o/Y/io-substituted benzoic acids 
of the formula, 

coon 


X 



X 



m which X stands for CH3, Cl, Br, XOg. etc., form no ester (or very 
httle of it) when treated with alcohol and hydrogen chloride. Further 
d such an acid is once converted into its ester by other means (c " 
I I the inter-action of its silver salt with an alkyl-iodide), the ester 

) fc be hydrolysed only with extreme difhculty. 

QUESTIONS 


VVrite an account of Pasteur's work on tartaric acids. 

-■ Explain Le Eel and van’t Hoffs’ tlieory of molecular configuration and 
show ho^v it can account for the existence of the different varieties of tartaric 

^ (Calcutia, n.Sc., 1034) 

. Write a sliort note on “Piiysiological Distinction between Ooticil 

■ ^‘•itipodes.” 

ff \l ‘t. Write a short essay on the stereo- isomerism of organic compounds. 


I 


W- 


pi- (13. Sc,, 1024) 

Give various methods that have been used for the resolution of racemic 
fi V «ornpounds 


in 


< \ r notes on : (a) Asymmetric carbon atom ; (b) Asymmetric synthesis ; 

Eaceniization ; (d) Optical inversion. * ’ 


* VVrite an account of Geometrical Isomerism of (’arlion Compound.s. 

' \\’rite ail essay on the Slcrcocheniistry of Xitrogen. 

^V^^te a note on Stcric Iliral ranee. 

{Punjab, li.Sc., 1023 ; 1030 : B.Sc,, H of tours School, 1020) 


iP 



: liri] I uesenoe rue variuua jih 

^ ’oits optically active components. 


i»s 


ipound 
(Punjab, li.Sc., 1033) 
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CATALYTIC ORGANIC REACTIONS 


f 

65. For a general discussion of the phenomenon of catalysis, 
characteristics of a catalytic action, and theories of catalysis, the 
reader is referred to a text -book of general chemistry^, We shall 

here take up the applications of catalysis in various organic 

* 

ractions 

(1) Oxidation. Most of the primary and secondary alcohols readily 
lose hydrogen when heated in contact with a catalyst. Thus, ethyl 
alcohol gives an 80-per cent yield of acetaldehyde when passed over 

zinc heated at 660°, 

CH3.CH20H^=^CH3.CH0 -}- Hg 

Isopropyl alcohol gives an almost quantitative ^yield of acetone when 
its vapour is passed over reduced copper heated at 250° to 320°C. 

CH3.CHOH.CH3 — ► CH3.GO.CH3-I-H2 

The oxidation of methyl alcohol to formaldehyde by air in the 
presence of finely divided platinum is another familiar example. An 
oxidation reaction of first rate commercial importance is the conver- 
sion of naphthalene into phthalic acid by fuming sulphuric acid in 
the presence of metallic mercury or mercuric sulphate, or by air in 
the presence of vanadium pentoxide. In Kjeldahl’s method for the 
estimation of nitrogen (Sec. 16) the addition of a catalyst (mercury, 
mercuric oxide, cupric sulphate or manganese dioxide) greatly 

facilitates the oxidation. ^ 

An important catalytic oxidation discovered by Fenton, who show- 
ed that hydrogen peroxide, in the presence of a small quantity of 
ferrous sulphate as catalyst, brings about the oxidation of certain 

organic compounds ; e*g., 

CH3.CH(0H).C00H + H202 CH3.CO.COOH + 2H2O. 

Lactic acid Pyruvic acid 

(2) Reduction. Catalytic reduction, reduction by means ot 


hydrogen in the presence of finely-divided metals, was thorougWy 
investigated by Sabatier and Senderens in the years 1897 to 1^1. 
the various metals tried, nickel was found to be the most efficient. 
It is absolutely necessary that the metal be in an extremely nne 
state of division. This is accomplished by heating the^metallic oxide 
in a current of hydrogen at a temperature of about 300° 

■ — — ^ ^ ~ * M m « 


*See , ‘‘An Introduction to Modern Physical Chemistry,” N. Singh and 
J. Sinch (Atma Ram *fc Sons, Lahore). 
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The method af catalytic reduction has been found to be: of, very 
wide application. The substance to be reduced is usually vaporized, 
mixed with excess of hydrogen, and passed over finely-divided nickel 
heated at 150—250°. 

Of the numerous reductions which have been effected by this 
process, the following few may be mentioned ; 

1. Ethylene to ethane : 

Ni at lUe-loO® 


C2H4 + H2 

Allyl alcohol to propyl alcohol : 

Ni at 100—180® 




CH2=CH.Cir20H + H2 


CH'g.CIIg.Cirg.OH 


3. Methyl isocyanide to dimethylamine : 

Ni at 100-180® 
CH 3 NC+ 2 II 2 


4. 


5. 


Nitromethane to methylamine : 

CHgN’Og-f^Hj > CH3.NH2-j-2H20 

Benzene and its honiologues to hexahydrobenzene and its 


homoloffues : 


C6»ia 




6. The method of catalytic reduction is nowadays extensively 
employed on a commercial scale for the manufacture of margarine 
and artificial ghee by the hydrogenation of. oils. The process consists 
in passing hydrogen through the heated oil in which finely-divided 
nickel has been suspended. The unsaturated liquid glycerides are 
thereby converted into the corresponding saturated compounds, 

which arc solid fats. 

C3H5(O.CO.Ci7H33)2 + 3H2^ 

Olein . Stearin 

Metals other than nickel are sometimes used in catalytic reduction 
by means of h^^drogen. Thus Rosenmund in 1918 employed finely- 
divided platinum (or palladium) precipitated upon an inert material 
(such as BaS 04 ) for the catalytic reduction of acid chlorides to 
aldehydes : 

rc:ocI+H,— ♦RCIIO+HCI 

(3) Dehydration. Many organic substances containing hydrogen 


U and oxygen lose the elements of water when their vapours are passed 

^ over heated aluminium oxide, phosphate or silk ate. Thus, when 

ethyl alcohol is passed over aluminium oxide healed to about 400®, it 


yields ethylene : 


CglljOH ► C2H4“|-H20. 
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Another example of catalytic dehydration is the conversion of an 
amide into a nitrile when the vapour of the former is passed over 

aluminium heated to 420° : m 

c1i3.co.NH2 — ^ CH3CN +H2O 
Acetamide Acetonitrile 


(4) Alkylation of Ammonia. See under Sec. 307. 

(5) Esterification. Sabatier and Maihle have shown that when a 
mixture of molecular proportions of an alcohol and on acid in the 
vaporous state is passed over a column of titanium dioxide kept at 
290—300°, a 70 per cent yield of the ester is obtained. The process 

has been found to be extremely rapid. 

(6) Hydrolysis. The following cases exemplify the hydrolytic 
decomposition of organic substances under the influence of 

catalysts : — 

(t) Hydrolysis of an ester in the presence of a mineral acid or an 
alkali 

CH3COOC2H5 + H20?=iCH3COOH-l-C2H50H 

(m) Hydrolysis of fats and oils by superheated steam in the presence 
of a little lime : 


C 17 H 35 COO.CU 2 

CH 2 OH 


1 

C 17 H 35 COO.CH -j-3H.OH 

CHOH 

+3Ci7H3r,COOU 

1 

Stearic acid 

C 17 H 35 COO CH 2 

Tristearin 

CH 2 OH 

Glvcerol 



A new method for effecting the hydrolysis of fats and oils is by means 
of the Twitchel reagent (sulpho-benzene-steanc acid). 


tne — 

(Hi) Hydrolysis of acid amides and acid nitriles in the presence 
of mineral acicls or aqueous alkalies. 


CH3.c0NH2-l-H.0H 

Acetamide 


CH3COOH+NH3 

Acetic acid 


CH3.C=N -I-2H2O 
Acetonitrile 


CH 3 COOH+NH 3 

Acetic acid 


t 


ti 


S 






TTriedel and Crafts’ Reaction. This is a very important^ 
catalyUc reaction in ^vhich anhydrous aluminium 

cSalyst. It is employed for the the more * 

and certain other aromatic compounds. The following, a 

important examples.of the use of this reaction : 

/ x n U^-^^7one hvdrocarbon is treated with an alkyl naliae 

p“sJncrot ab^inium chloride, the alW groop 
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enters the benzene ring ; e,g., 

C«He +CH3CI 
Benzene 


AIC! 


C3H3CH3 + HCI 
Toluene 




AlCl 


§ 


i 


(i 


C,H,+2CH,C1 


-♦C,H,(CH,),+ 2 HC 1 
Xylene 

(ii) When an acid chloride is .added to a benzene hydrocarbon in 
the presence of hydrous aluminium chloride, a ketone results • 0 

CgHe -f CH 3 COCI — ► C.HsCOCHj+HCI ’ 

Benzene Acetyl chloride Acetophenone 

{Hi) When a benzene hydrocarbon is treated with phosgene gas, in 
the presence of anhydrous aluminium chloride, an acid chloride is 
produced, 

C3H3 +COCl2-^ CoHsCOCl +HC 1 
Benzene Benzoyl chloride 

The acid chloride, oh being decomposed with water, gives a carbo- 
xylic acid. 

CeHsCOCl + HoO^ CeH^CO.OH +HCI. 

Benzoic acid 

{iv) Formation of diphemjlmsthane, by the interaction of methylene 
chloride and benzene, and of triphenybnetkane, by the interaction of 
chloroform and benzene, are other, examples of Friedel and Crafts’ 
reaction. 

AICI3 

Cell.-f-CH^Cb + CeHe-^ C,U,CU,C,lIs + 2HCI 

Diphenylmethane 

AICI3 

SCoHe-HCHCls-^ (CaH3)3CH +3Ha 

Triphenylmethane 

The above are but a few of a countless number of catalytic reactions 
taking place in the realm of organic chemistry. The assimilation of 
carbon dioxide by plants in the presence of chlorophyll and sunlight, 
the assimilation of food by animals, the process of respiration, and 
numerous other anabolic and catabolic changes taking place in the 
plants and animals are practically catalytic in nature. Nunierous 
other examples of catalytic organic reactions will be met with in the 
following chapters. 

66. Fermentation and Enzyme Action. It is a matter of 


common experience that vegetable and animal matter, particularly 
when moist, undergoes certain slow chemical changes by which the 
highly complex substances get gradually decomposed into simpler and 
^till simpler compounds, until, finally, in most calces, carbon dioxide, 
*nnmonia and water arc produced. Souring of milk and kneaded 
hour, production of wine and vinegar, rotting of wood and vegetables, 


A 
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their action as 
changes and are 
temperature, i,e., 
between 25® and 


and putrefaction of meat, etc. are well-known examples of the changes 
of the above, type, which are collectively called ferfnentation processes. 

Fermentation processes are brought about by certain living orga- 
nisms, called ferments. The action of ferments is due to the presence 
in their cells of complex nitrogenous substances, called enzymes, which 
act catalytically. 

The enzymes are extraordinarily specific in 
catalysts. They are very sensitive to temperature 
usually destroyed at about 70®C. The optimum 
the temperature at which they are most active, lies 
36®C. Fermentation processes are exothermic in nature, the energy set 
free during the reaction is utilized by the ferment concerned, for its 
growth. 

The simplest example of fermentation is that of sugar by yeast to 
form ethyl alcohol, C2H5OH; The yeast cells (Fig. 45) contain a 
number of enzymes, tw'o of which, called invertase and zymase, are 
concerned in the alcoholic fermentation of sugar. The invertase first 
causes the hydrolytic decomposition of cane-sugar into glucose and 
fructose, w hich are then decomposed by zymase to form ethyl alcohol 
and carbon dioxide : 

+ H2O — CgH.aOe + 

Glucose 




4 


^ 12 ^ 22^11 


Cane-sugar 


CgHijOg 

Fructose 


C.H„0 


12'-'6 


2C2H50H-h2C02 
Ethyl alcohol 



When 

warm 


Another familiar example is the lactic fermentation of milk. 

a small quantity of curd (jag) is added to 
milk, the sugar present in the milk is converted, 
into lactic acid by a certain species of bacteria, 
called lactic bacilli. The lactic acid causes the 
coagulation of the albumnen present in the milk, 
producing curd. On keeping, the curd goes sour 
because the lactic acid it contains is converted 
into butvric acid by the action of another ferment 
called butyric bacillus. The optimum tempem- 
ture for the lactic fermentation is 34® to 35 C ; 
h®nce the necessity ©f adding the ferment to warm. 

A number of other examples of fermentation w'ill be dealt with at ^ 
their proper places. 

Theories of Fermentation. Pastpur, who carried out 
e3^ustiv(‘ researches on fermentation of sugar, held the view^ that 
fermentation is a purely physiological action and is absolutely depen- 
dent upon the life processes of the yeast cells. Liebig, on tne otnc 


Fig. 45. Yeast cells 
(highly magnified). 


I 
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hand, regarded tlie phenomenon as being of a purely chemical nature. 
Buchner carried out a series of experiments with a view to settling this 
point. He submitted yeast to strong pressure, thereby disrupting the 
cell walls and obtaining a juice. This was filtered in order to free it 
completely from adhering cells. The “expressed yeast juice,’' thus 
obtained, was found to set up fermentation in exactly the same way 
as the living yeast cells. He concluded that the yeast cells contained 
enzymesy or non-living complex substances capable of bringing about 
fermentation. The yeast cells are, therefore, responsible for fermenta- 
tion only so far as they generate enzymes. Buchner also showed that 
the other fermentation processes, such as souring of milk, are not caused 
by the micro-organisms themselves but by the enzymes they contain. 


QUESTIONS 


\ i ^ ■ IJr ^ ^ ^ i 

1. Give an account of the use of catalytic agentsMn organic chemistry.' ' 

{Punjab, B,Sc.,.1921) 

2. What do you know of fermentation processes ? Name any six organic com- 

pounds which are produced by this process, and describe the naanufacture by 
fermentation of any one of them. (Punjab, B.Sc., 1926) 

3. W^rite.notes'on : (i) Catalytic reduction, (ii) Friedel and Crufts’ reaction 

and (iii) Enzyme action. 
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PART II 


ALIPHATIC OR OPEN-CHAIN COMPOUNDS 


. CHAPTER X 


SATURATED HYDROCARBONS OR PARAFFINS 


68* Aliphatic Compounds. The numerous substances classic 
fied as aliphatic ot fatty compounds may be regarded as derived from 
methane, CH4, the first member of the homologous series of saturated 
hydrocarbons dealt with in this chapter. The name “aliphatic” refers 
to the mclusion in this group of the animal and vegetable - fats. In 
respect of molecular constitution, the compounds of the class are 
distinguished by their having open carbon chains in contrast to the 
closed carbon chains or rings of the “aromatic” series. 


69. General Formula and Nomenclature of Paraf- 
fins. The hydrocarbons of the paraffin series possess the general 
formula C„H2n4.2* The names of the various members of this series 
end in -ane, and are derived from the Greek numerals indicating the 
number of carbon atoms in the molecule. The following are a few 
of the first members of the series : — 


Name 

Formula 

Methane 

' CH^^ / 

Ethane 


Propane 

. C3H3 

Butane 


Pentane 

t'sHia 

Hexane 


Heptane 

C7H15 

Octane 

CgHjg 


Number of 

ISOMERIDES 

1 

1 

1 

2 

3 

5 

9 

18 


70. Physical Properties. The pysical properties of paraffin , 
hydrocarbons show a gradual change. The first four members of tne 
series are gaseous, while those containing from 5 to 16 carbon atmns 
are colourless liquids. The higher members are colourless solids. The j 
boiling-point rises regularly as the series is ascended, but the differ' 
ence between tfie boiling-points of consecutive hydrocarbons gradually 

diminishes'. 
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• For isomeric hydrocarbons, the following general statements as 
regards the boiling-point may be made : — 

(1) The longer the chain the higher the boiling-point ; 

(2) For the same ler^th of chain, the nearer the substituents to the 
middle of the chain, the higher the boiling-point, 

71. Chemical Properties. The paraffin hydrocarbons are 
characterized by their lack of chemical activity ; hence the name 
{Latin parum, little and affinis, affinity). They are neutral in character 
•and not affected by most of the reagents excepting the 
halogens (see under Methane, Sec. 72). They do not react with 
oxygen at ordinary temperatures ; but at higher temperatures, they 
are readily oxidized, and oxidation, when once started, is difficult to 
control. It is only recently that a beginning has been made in the 
preparation of certain products by the direct oxidation of ' aliphatic 
hydrocarbons. 

General Metho ds of E ormation. See under Ethane, Sec. 73. 

72. Methane. fMarslf Gas, CH 4 . 

Occurrence. MetnamfiB^produced in considerable quantities when 
cellulose and other organic matter undergoes putrefaction under 
stagnant water. On this account, the gas is found in marshy places ; 
hence the name* marsh gas. The natural gas that issues from the earth 
in petroleum districts consists of methane and its homologues. 
Methane also issues from seams in coal-mines, where, by diffusing into 
the air, it forms an expTbsiVS* mixture hence the name fire-damp 
given to it by coal-miners. Methane is an important constituent of 
coal gas, in which it is present between 30 and 40%, 

Preparation, (l) Methane is most conveniently prepared in the 
laboratory by heating anhydrous sodium acetate with soda-lime. The 
active constituent of soda-lime in this reaction is sodium hydroxide, 
but the pure alkali is not employed, owing to its being deliquescent and 
easily fusible. 

CHaCOONa -f- NaOn — ► -f Na^COj 

Expt. 20. Heat a mixture offtmed sodium acetate (1 part) and . powdered 
soda-lime (4-parts) in mcopper tube provided with a delivery tube. Collect the 
issuing gas over water. 

(2) Pure methane is most readily obtained by the 
methyl iodide by means of alcohol and zinc-copper 
Exp, 22), the hydrogen being supplied by the alcohol, 
f CHJl + Zn-i-CaH.OH— >CH4-t- Zi.(OCVI,)I 

i Zinc ethoxviodide 


reduction of 
couple (.See 


(3) Another method of preparing pure methane is by the decomposi- 
tion of magnesium methyl bromide with water. 

CH.MgBr 

-f- — CH 4 -f-Mg(OH)Br 

n,oH 
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(I) !Metliane may be ’ obtained . in the laboratory from aluminium 
carbide. AI4C3, which, when boiled with w^ater, yields the gas contami- 
nated w'ith hydrogen (20 per cent) and other impurities. 

.AbC3+12H.OH — >4Al(OH)3-f-3CH/ 

Synthesis^ INIethane has been synthesized by the following, 
reactions 

(1) .When a current of hydrogen is passed o.ver carbon heated at 

1,200°, the elements combine together to yield a small proportion 
(1 per cent) of methane : — , 

c+2H2^cn4 

the reaction is reversible, since when pure methane is heated at 
1,200°, about 99 per cent of it is decomposed into its elements. If car- 
bon be intimately mixed w^ith finely-divided nickel, its combination 
with hydrogen occurs at lower temperatures and much larger amounts 
of methane are formed , 

(2) Sabatier and Senderens have obtained an almost quantitative 
yield of methane by passing a mixture of hydrogen and carbon 

monoxide or dioxide over finely-divided nickel at 250° to 300° : 

CO +3H2 — ►CHj-f-HoO 

C02-j-4H2 — ►CH4-f2H20 

The process has commercial possibilities in localities w’here natural gas 
is not available. 

(3) The earliest synthesis of methane was effected by Berthelot by 
passing a mixture of carbon disulphide vapour and hydrogen sulphide 
over heated copper : 

CS 2 4 - 2 H 2 S-f 8Cu — >CH4-h4Cu2S 

Physical Properties. Methane is a colourless gas with a slight 
odour. It can be liquefied at 11° under a pressure of 180 atmospheres. 
It is very slightly soluble in water, 100 c.c. of water at 4° dissolving 
5 c.c. of the gas. 

Chemical Properties. IMethane, like other, hydrocarbons of 
this series, is characterized by its inertness and stability. It is* 
neutral in character, and is not affected by acids or alkalies. Nor is 
it affected by oxidizing agents such as nitric acid, potassium per= 
manganate or dichromate. The only important reactions of methane 
are : 

’ (1) Combustihility. Methane burns in air with practically a non- 
luminous flame, forming carbon dioxide and %vater. 

CH4-l-20a — ».C02+iJH20 

W^hen mixed with air or oxygen and ignited, the gas explodes, violently. 
Mixtures of methane and air occurring in coal mines are of constant 
danger to miners. 

: 

‘^inplete synthesis’* of a conipound means its formation from the 
component elements, or from simpler compounds already obtained from their 
elements. 
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(2) Action of Chlorine. Methane is a “saturated” compound and 
can give rise only to substitution products. When it is mixed with 
chlorine or bromine vapour, there is no action in the dark ; but on ex- 
posing the mixture to sunlight, an interaction occurs with explosive 
violence. The lour hvdrogen atoms of the methane molecule are 
successively replaced by chlorine with the production of the following 
four substitution products — 

Chloromethane, or methyl chloride, CH3CI, 

Dichloromethanc, or methylene chloride, CHgClg, 

Trichlorome thane, or chloroform, CHCI3, 

Tetrachloromethane, or carbon tetrachloride, C-C^. 

(3) Reaction with Ozone. When methane is treated with ozonized 
oxygen two of its hydrogen atoms are exchanged for an oxygen atom 
with the production of formaldehyde. 

CH4-r203 — >- + n2O-l-202. 

* 

, Formaldehvde 

This reaction constitutes a delicate test for methane, since even 
small quantities of formaldehyde may be readily identified by its 
characteristic reactions {q. v.). 

(4) Reaction with steam. See under Sec. 79. 



£iXpt-21. . («) Burn a cylinder full of methane. Notice that the flame is 
non-luininous. Test the gas left in the cylinder with lime-water ; the latter 
turns milky. 

(f>) Pass tlie gas through (i) bromine water, (H) so 
dium hydroxide solution rendered pink with phenol- 
phthalein {Hi) dilute sulphuric acid, rendered; pink 
with methyl orange, and (iv) potassium permanganate 
solution, acidified with sulphuric acid. Notice that 
there is no appearance ofreaction with any of these 

reagents. 

(c) Fill a strong “soda water” bottle one-third with 
methane and two- third with oxygen, and then bring 
its mouth near the flame (Fig. 40). A powerful and 
very loud explosion will occur. 

Composition. Methane being a gaseous hydrocarbon, its com- 
position can be determined by the method explain- 

ed under Sec. 27. 

Constitution. Since carbon is tetravalent 
and hydrogen monovalent, the methane molecule 
must be represented by the constitutional formula, 
shown in the margin. 

- -- Ethane* Cgllo* This occurs along with methane in the 
Natural and is also found dissolved in petroleum. 


Fig. 40. 
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PrBparation. * l* Ethane may be obtained by reactions 1, ^ 
and 3 used for methane, sodium propionate, CgHsCOONa, bein^ 
used in reaction 1, and ethyl iodide and ethyl magnesium bromide p 
reactions 2 and 3 respectiv^ely. | 

Expt. 22. Preparation of Ethane from Ethyl Iodide, Take 20 grams of griiulitf- 
•ed zinc in a beaker, and cover it with a 2 per cent solution of cupric sulbhi* 
Allow to stand, until the blue colour is discharged ; then pour off the sojut 
Repeat the above treatment with cupric sulphate three or four jti" 





Fig. 44. Preparation of Ethane from Ethyl Iodide. 

Wash the zinc-Copper couple, thus obtained, with water and finally with a 
little alcohol. Then place it in a flask provided with a delivery tube (Fig. 44). 
Add to the flask 100 c.c. of alcohol mixed with a drop or two of dilute sulphuric 
acid, and then drop ethyl iodide into the mixture from the dropping funnel. 
‘Collect the gas evolved over water. 

Studv the properties of the gas as in the case of methane. 

II. In addition to the above three methods, ethane may be obtain- - 
ed by the following reactions : — 

(1) From methyl iodide^ by heating with metallic sodium or zinc 
(Wurtz* reaction) : — 

2CH3l*t“ Zn CH3.CK'3 *4 Znlg 

' The reaction can be employed for synthesizing ethane from 

methane. _ ^ 

(2) By the electrolysis jcif a concentrated solution of potassium ace- 
tate (Kolbe’s reaction). At the cathode, potassium ions are discharg- 
ed. The liberated metal attacks the water present, forming 
potassium hydroxide and hydrogen. At the anode, the anions, 
CHgCOO”, lose their charge, and immediately break up into COg 
molecules and the methyl groups. The latter, being incapable of 









t 


■r 
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existence, combine together in pairs to form ethane 

CHaCOOiK 

CHaCOOiK 




CH 

CH 


At anode 

COO“ 

coo 


CH,.CH3+2COi, 

Ethane 


At cathode 


2K + 2H20 + H 


(3) Ethane has been prepared on a large scale by the combination 
of ethylene and hydrogen in the presence of finely-divided nickel ; 

Note. Tlie methods of formation described above for ethane are general 
methods that can be employed for preparing any other higher member of this 
series. Distillation of coal or wood yields volatile products containing a high 
proportion of paraffin hydrocarbons. 

PropertiGS. Ethane, like methane, is a colourless, • tasteless 
gas. Its critical temperature is +34° and critical pressure 50 at- 
mospheres. It is practically insoluble in water and slightly soluble in 
alcohol. 

In its chemical properties, ethane closely resembles methane. It 
readily reacts with chlorine and bromine, yielding substitution products 
all the six hydrogen atoms being successively replaced by an equiva- 
lent quantity of chlorine or bromine. The final products are hexa- 
chloro-ethane, CgClg, and hexa-bromo-ethane, CjjBrg, both of which are 
colourless, crystalline solids. 

Constitution. Explosion with oxygen (Sec, 27) shows that the 
molecular formula of ethane is CgHg. The two carbon atoms must 
be directly united, as a monovalent hydrogen atom could not 

possibly link them together. Moreover, since the 
carbon is tetravalent, the two carbon atoms must carry 
H three atoms of hydrogen each. Hence, the structural for- 
mula of ethane is as shown in the margin. This view is 
confirmed by the formation of ethane from methyl iodide 


11 
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I I 
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! 

H H 


by Wurtz+eaction (Sec. 73). 
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74 ; Higher Members. Propane, CH3.CH2.CH3, is also a 
constituent of natural gas. It can be prepared by the same methods 
as ethane, and closely resembles the latter in its properties. 

There exist two butanes (see Sec. 32), viz. 

CH 

(1) CH3.CH2.CH2.CH3 and (2 ) ^>ch.ch 3 

CH3 

n-Butane Isobutane 

Normal butane liquefies at 1®, whereas isobutane can only be 
liquefied at — 17^, under the atmospheric pressure. 

The number of pentanes, C5Hj2» theoretically possible is 3, all of 
which are known : 


(1) CH3.CH2.CH2.CH2.CH3, 

n-Pentane (b. p. 30®) 



CHo. 

CH.CH0.CH3 
CH3 - .J 

Isopentane ib. p. 28'’) 


C ■ 

Tctra-ineth ylmethane 
or Neo-pentane 



(b. p. 10®) 


All the five hexanes are also known ; they are : 

(1) n-Hexane, CH3.(CH2)4CH3. (b.p. 71°) 

(2) Methyldiethylmethane, ^ ^ ^c^h^ (^-P* ) 

(3) 2-Methyl-pentane, CH3.CH(CH3).CH2.CH2CH3, (b.p. 62^*) 

(4) 2,3-Dimethyl-butane, CH3.CH(CH3).HC(CH3).CH3, (b.p. 58°) 

(5) 2,2-Dimethyl butane, CH3.C(CH3)2 CH2.CH3, (b.p. 49°). 

Of the nine theoretically possible heptanes, the following five have 
been described : — 


(1) n-Heptane, CH3.(CH2)5.CH3, (b. p. 98°). 

(2) 2-Methvl-hexane, CH3.CH(CH3).(CH2)3.CH3, (b.p. 90°). 

(3) 2-Ethvl-pentane, CH3.CH(C2H5).CH2.CHo.CH3, (b.p. 91°). 

(4) 3-Eth>d-pentane, CH3.CH2CH(C2H5).CH2.CH3, (b. p. 96°). 

(5) Dimethyldiethylmethane, c (b* P* S7°). 

CH3 C2H5 

75. Nomenclature of Paraffin Hydrocarbons., (i) The 

standard method of naming organic substances originated in the 
international congress of eminent chemists held at Geneva in 1892, 
and is called the Geneva system of nomenclature. In this \ 
the first four members of the paraffin series of hydrocarbons are given 
their old names, viz.y methane, ethane, propane and butane. Commen- 
cing with C5 the names of the straight-chain or normal hydrocarbons 
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are derived from the Greek numerals indicating 'the number of carbon 
atoms in the molecule, and have the termination -ane. Thus CgHjo is 
called pentane, CgHj 4 hexane, C^Hje heptane, and so on. In naming a 
hydrocarbon with a forked or branched chain, it is regarded as 
■ derived from the hydrocarbon having the longest unforked or normal 
chain present in the molecule. The carbon atoms of this chain are 
numbered consecutively, commencing with the end nearest which a 
methyl side-chain is attached. The position of each side chain is 
indicated by the figures used in numbering the carbon atoms in the 
normal chains, each figure being repeated as many times as there are 
side-chains. The method of nomenclature may be illustrated by the 
following examples : — 



oCIIg 

r U ^ 

CH3 CII2 C’Hg 

CHg 

2, 2-Dimethyl butane 


CH 3 H 

CUs — C — C — Cllg — Cllg 


CHg CII 3 

2,2,3-Trimethyl pentane 


(2) In the older nomenclature, which still finds frequent use, the 
hydrocarbon with a straight chain is called normal and is designated 
by the prefix n-. The isomer with a methyl group attached to 
©arbon No. 2 of a normal chain is called the compound. Thus 2- 
niethylpropane and 2 -methyl butane are called isobutane and isopentane 


respectively : — 


11 

II 

1 

CII 3 — c — CH 3 

1 

CII 3 - — C CHj— 

1 

CHa 

CII 3 

0 

Isobutane 

Isopentane 

( 2 -methyl propane) 

(2-methylbutane) 


Other isomers are named by regarding them as derived from 
methane bv replacement of its hydrogen atom by various alkyl groups. 
In making the selection, that carbon atom is taken as belonging to 
the original methane molecule which carries the largest number of 
other carbon atoms. The Sollowing examples will serve to illustrate 

the method : — 


CII 3 


>c< 


][ 

C 2 H 5 


Methyl dietliylmcthane 


Clfg 


> C < 


C2U5 


MetJiy It ri e Ihylnic thane 


126 


MODERN ORGANIC CHEMISTRY 


[Sec. 76. 


76- Petroleum. 


i^^rsDsrAres 

OrAAf£/f/CA 


ASiA(/m:imNc 

^£fiS/A$DifriC», 

^rmish 


Fig, 48. 

Petroleum production of 
various countries. 


Occurrence. Petroleum occurs in 
many localities. The total annual produc- 
tion of the world is approximately 
1,000,000,000 barrels.^ Of this amount, 
the United States of America alone produces 
over 60 per cent. The estimated percentage 
figures for various countries are as shown 

graphically in Fig. 48. 

British India contributes only. 0*65 per cent 
of the world’s production. The most impor- 
tant oil-fields in this country are those of 
Yenangvaung in Burma and Attock in the 

Punjab. 

Physical Characters. 

I • *1 , * 

L leum is a viscid, fluorescent liqmd having 

a dark green, yellow or brown colour. It possesses usually an off'ensive 
odour owing to the presence of organic sulphur compounds. 

Composition. Petroleum consists essentially of a 
hydrocarbons of the paraffin series together with cyclo-pai afflns and 
hydrocarbons of the aromatic series ; the actual composition, however, 
vkries with the place of origin. The Pennsylyanian oil contains ab^t 
twenty different hydrocarbons, most of which are of the paraffin 
series.” The Russian oil, on the other hand, contains a large propor- 
tion of higher-boiling aromatic hydrocarbons, together with penta- 
S hUmethylenes (naphthenes). The low-boiling fractions of most 

petroleums cm.sist mainly of the lower hydrocarbons of the 
paraffin series. 

Origin. Two theories have been proposed as 
netroleum, one organic and the other inorganic , both 
hv experiment. The Russian chemist MendeleeflF 
TDetroleum is formed bv the action of water on 
present in the hot interior of the earth. This “inorganic 


to the origin of 
being supported 
suggested that 
metallic carbides 
theory of 

the^origin of petroleum was later supported by the work of Moissan, 
Ind of Sabatier and Senderens. However, the theory is so ^neompat - 
ble with the geological occurrence of oil that at the presen y 

commands little consideration. . j* i*Ti unHf^r 

Engler, in 1900, discovered that the destructive distillation, _ 

pressure, of fats, such as fish oil, gave a product 

feum is derived mainly from' the remahis of marine organisms. After 
the death of the organism, the ni^l^genous content de composed 


1 barrel contains 42 gallons. 
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relatively quickly, leaving behind a fatty material which got slowly 
converted into petroleum under the influence of heat and pressure. 
The chief evidence in favour of the organic origin of petroleum is that 
it contains certain optically active substances. These are characteris- 
tic of materials formed by living organisms: their presence cannot be 
accounted for by assuming the inorganic origin of petroleum. Another 
fact that supports the organic origin of petroleum is the invariable 
presence in it of nitrogen and sulphur compounds. 

IVEining* Petroleum occurs at depths which vary within very 
wide limits. At Virginia and Ohio, the oil strata are from 50 to 60 
feet deep; in Pennsylvania they are from 2,400 to 2,600 feet deep. 
Petroleum is brought to the surface by drilling wells through the 



i 

i.a«' 

jlioS 




a 


Fig. 4r». Section through an Oil-field, 

overlying strata into the oil-bearing sand-stone. A section through 
an oil field is shown in Fig. 49 If a boring be made in the middle, 
We would get only salt water. In the two positions where the wells 
are shown to be drilled, we would get petroleum (right) and natural 
gas (left). 

Many wells, particularly in newly-opened territory, where the 
original gas-pressure has not been lost, are flowin" wells, known as 
“gushers.” Tliis spontaneous flow, however, soon^deelines. when 
pumping becomes necessary in order to maintain the production of oil. 

Refining. Crude petroleum is generally not refined at the oil- 
flt-ld, but is sent to the refinery ej^er through a pificlinc or in tank 
*i*'ips. The Ycnangyaung oil is* refined at Kangoon by the Burma 
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Oil Company, Indo-Burma Petroleum Company, and other concerns. 
The Punjab oil is refined by the Attock Oil Company at Rawalpindi. 

At the refinery, the crude petroleum is fractionally distilled in large 
size iron stills. Fig. 50 shows a horizontal still with two air-cooled . 
condensers, A and R, from which the successive fractions pass through A 
three coils of pipe immersed in tanks of cold water. The crude oil is 
eontinuously fed into the still at about the same rate as that of 
distillation. The high-boiling constituents (from CigH34 upwards), 
consisting of the heavy oil and paraffin, are condensed in the air- 
cooled tower A, The next fraction, i.e., the one condensing in B, 
consists of the kerosene oil (C10H22 — C15H32). - The uncondensed vapour 
of the lower hydrocarbons (C4Hjo — C9H20) leaving the condenser B are 
■condensed in the last coil of pipe immersed in cold water. The 
fraction thus obtained is known as naphtha. The gaseous hydrocar- 
bons (CH4 to C4HJQ) tliat the crude oil contains in solution pass off j 
tuncondensed, and may be collected in gas-holders. j 



Fig. 50 . A Horizontal Still for Continuous FracUonal Distillation of 

Petroleum. 

The different products obtained in the above process are put to 
following uses : — 

( 1 ) Naphtha. This is carefully refractionated, and separated 
the following products : — 

(i) Petroleum ether or ligroin (C4H10 — which is employed 
solvent in the rubber and varnish industries. 
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{ii) Petrol or gasoline (CeH,.,— CaHig), which finds extensive applica- 
tion as a fuel in the motor and leroplane engines. It is also used for 
making petrol-air gas, as a solvent, and for dry cleaning. 

(in) BenzinCy whicli is used as a solvent, for dry cleaning, and as a 
substitute for turpentine oil in the preparation of varnishes. 

(2) Kerosene Oil. This is used as an illuminant and a fuel. It is 
refined by treatment with concentrated sulphuric acid.' 

The oil is agitated with the required quantity of the acid (1*5 to 2 oer e«nn 

by a blast of cold air in a tall cylindrical tank of iron lined with sheet lead The 
agitation is allowed to go on as long as action is indicated by rise of temperature 
When the black-coloured, thick acid.-tar (consisting of sulpho-compounds of the 
olefines and other uiisaturated hydrocarbons) is allowed to settle and witlidrawn 
through a pipe attached to the bottom of the tank. After the acid treatment 
the oil consists of the parallin hydrocarbons largely freed from olefines and' other 
hydrocarbons. It is washed with water, until the wash-w'ater shows no acid 
reaction. Then about 1 per cent, of sodium hydroxide solution of is 

introduced and the mixture agitated. The waste alkali is run off, and the oil is 
transferred to settling tanks. Here, any water present in the oil settles out And 
the oil becomes clear and brilliant. • * 

I 

Kerosenes to be used in lamps should not be sujfficiently volatile at 
the ordinary temperatures to form explosive mixtures with air. The 
lowest temperature at which an oil gives off a sufficient amount of vapour 

form an explosive mixture with air is l^rmed its flash point. To 
protect the public against the low-flash oils, which would be dangerous 
to use in lamps, laws have been made by different Governments, 
forbidding the sale of oils having flash points below a certain minimum* 
"I^he minimum flash-point prescribed differs in different countries, 
ffi India, which has a hot climate, it is fixed 
at 44°C, while in France, which has a colder 
^limate, a minimum flash-point of 35°C is 
permitted. In Great Britain it is unduly low 
(22*8°C). 

The flash-point of an oil is usually determined 
*^y ipeans of Abel’s apparatus (Fig. 51), The 
sample to be tested is placed in a small, metal 
Ay which is gradually heated by means 
‘^f the surrounding water bath. B. A small 
test flame, F, is lowered into the space above 
the oil from time to time by means of an 
?*itomatic device. As soon as the vapour 
jgnitcs with a minute explosion the temperature, 

'ficlicated on the thermometer, Tj, is noted. 

|lt;sides thi.s thermometer, which is graduated 
1^'orn 10^ to 50°C, tliere is another T’g, gradu- 
ated frori! 50® to 75 ®C fo'r the water bath. 



Fig, 51. Abci\«; Fl.;sh- 


point Apparatu:*: 


130 


MODERN ORGANIC CHEMISTRY 


[Sec. 77. 


Sxpt. 23. Place some kerosene oil in a beaker provided with a thermo- 
meter and heated on a water bath. After every one degree rise of temperature 
above 30®. test the vapour inside the beaker by means of a lighted match. The 
temperature at which the vapour ignites with a small explosion is taken as the 
approximate flash-point of the oil. 

(3) Heavy oil and Paraffin, This fraction is strongly cooled to 
separate the solid constituents, which are used as paraffin wax. The 
liquid portion, from which the wax has been separated, is redistilled 
in a current of steam, and separated into the following fractions ; — 

(i) Fuel Oil or Gas OiL This is the first fraction, and is employed 
as fuel oil in Diesel engines. It is also used for making oil-gas and 
gasoline by a process of cracking (Secs. 77 and 78). 

{ii) Lubricating Oils, The fractions that follow gas-oil are used as 
lubricating oils, 

(in) Vaseline, This is the last fraction to pass, and is semi-solid in 
consistency. It is used in toilet, as a vehicle for ointments, and as a 
lubricant. 

(iv) Tar. The dark tarry liquid that is left in the still is periodi- 
cally drawn off, and is further distilled in cast-iron “coking” stills. 

The distillate consists of “heavy 



Fig. 52. Apparatus for making Lamp- 
black. A water-cooled revolving trough 
of cast iron (T) is mounted on a hollow 
shaft. The circular gas burner, G, is 
fixed up under the trough, and the 
thick black smoke from the large num- 
ber of flames deposits on the underside 
of the revolving trough. The scraper, 
S, continuously removes the lampblack, 
which falls through the hopper H into 


oil and paraffin,” and is separated 
into paraffin wax^ lubricating oils 
and vaseline, as described above. 
The residue in the still is petroleum 

coke which is used as a fuel. 

* 

. (t;) Gas. The gas that comes 

off from the last condenser is 
strongly cooled in order to sepa- 
rate the light-gravity gasoline 
carried by it. The residual gas 
was formerly burnt under the 
stills and in gas-engines. At pre- 
sent, much of it is treated to 
recover butane and propane. At 
the ordinary temperature these 
two gases can be kept in the 
liquid state under a reasonable 
pressure. They are, therefore, 
stored in steel cylinders and are 
used to supply ^6^ to isolated 
homes and couy^Ht^it^s. The gas 
is also used for making lamp-black. 
(Fig. 52). 


sacks. 

77. Cracking of Petroleum. The term “cracking” is 
applied to the chemical decomposition of higher hydrocarbons with 
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the production of lower hydrocarbons. The process is extensivelv 
employed in the manulaeture of petrol from fuel oils etc To tilZ 
a specific example, hexadecane, C,,H 34 (b. p. 288°), is not volatile 
enough to be used as a motor fuel. On being heated to a dull Jed 
Mat, the molecule may undergo a rupture, say near the middle of the 
^rbon chain. The resulting hj^drocarbons will then have nearly half 
the molecular weight of hexadecane. All such hydrocarbon^ boil 
below 200“ and are therefore quite suitable for use as motor fuel. ' 

TT 


« -Hexadecane 


Ca Hia 
« -octane 
(b. p, 125°) 




1-Octene 
(b. p. 123°) 



+ 


«-IIexane 




CfO Hjq 

1-Decene 

(b. p. 172°) (b. p> G9°) 

Ihe reactions, actually, are very complex, and a large number of 
hydrocarbons (both gaseous and liquid) are produced by the molecule 
undergoing rupture in a variety of ways. At the same time, there is 
a separation of carbon or of hj^drocarbons of very high rnolecular 
Weight, as condensation goes on side by side with the decomposition 

The cracking of heavy oils to get petrol is carried out to a verv 
considerable extent. The economical product of petrol requires that 
gaseous and high molecular weight by-products be minimized by 
suitable control of temperature, pressure, the time allowed for cracking 
and the use of catalysts. There are two types of cracking processes* 
namely the liquid-phase cracking processes and the vapour nhase 
cracking processes. 

The former are used to a much larger extent than the latter, 
^cre the fuel oil is heated under higli pressure so as to keep the 
cracking stock in the liquid state until cracking occurs. Suitable 
catalysts are added so as to effect the cracking at a much lower 
temperature and thus to obtain better yields of the volatile liquids. 
Among many substances used as catalysts in different processes' 
^ention may be made of iron, copper, alumina, titanium dioxide and 

In the vapour-phase processes, the cracking stock is distilled and 
the vapour are raised to a temperature of about G00°C. Here the 
doss in gaseous by-products is increased, but the petrol obtained 
possesses a higher anti-knock value^ : 


itb 


^ t ltlL' Cxi 11.4 VjL 

find therefore loss ui jcvnw-iviiouji luei.'j, wmec Ourn smjothJv 

lender Jiigh compression, are mucJi used in the Unitt*d States of America. 
generally contain a ainall amount of lead ietraeffujl, Pb.(C^IJ^, whicii has a 
reinarkablo effect of reducing engine knock. 
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The unsaturated hydrocarbons present in the products of cracking 
are readily oxidized in the air and possess an objectionable odo^. 
The cracked gasoline is sometimes hydrogenated in the presenci^f 
finely-divided nickel and thus converted into the corresponding 
saturated hydrocarbons. 

78. Oil GaS- Jn making oil gas, a thin stream of oil is allowed 
to flow into a cast-irop retort heated to dull redness (Fig. 53). The 
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Fig. 53. Oil-Gas Plant. 


cracking of the liquid hydrocarbons occurs with production of gaseous 
hydrocarbons, methane, ethane, ethylene, etc. The gas is first passed 
through a scrubbing box, which retains the tarry matter present in 
it, and is then collected in gas-holders. 


79. Natural Gas. Natural gas is found usually in association 
with petroleum deposits. It contains about 85 per cent of methane 
and about 15 per cent of ethane and other hydrocarbons. It is 
extensively used in the United States and Canada as a fuel and 
illuminant in houses, for raising steam in boilers, and making steel, 
glass and pottery. 

A recent use of natural gas is for the manufacture of hydrogen. The 
Standard Oil Company of New Jersey, U.S.A., have put up a plant 
capable of producing 300,000 cubic feet of hydrogen per hour. In 
this process, natural gas is mixed with steam and passed over a 
catalyst (consisting of iron or cobalt together with aluminium oxide) 
kept at 1,000°C, when the following reaction occurs ; — 



CH^+H20 



co+3h2 
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The carbon monoxide is removed from the mixture bv ovirlnfmn 

^rbon dioxide and absorption in water as in the Bosclfprocess for the 
i^ianutacture of hydrogen from water gas. 

nn§ n c . Bituminous shale, occurring in Scotland, France 

ana u.b.A. is an important source of liquid and solid paraffins It 

subjected to dry distillation, when ammonia, inflammable <.ases and 
Jale tar are obtained. The latter, after being washed ^Wth concen 
trated sulphuric acid and caustic soda, is subjected to fractionation 
to obtain naphtha, burning oil, lubricating oil and paraffin wax. 

81. Ozokerite. Ozokerite or Earth wax is often- found near 
the surface of the ground in certain localities. Extensive deposits 
occur in eastern Galicia. It is a dark-coloured- material, consistinir of 
solid paraffin hydrocarbons, and is supposed to have been formed bv 
the evaporation of shallow deposits of petroleum.- It is refined by 
melting out from earthy impurities, and the brownish product, after 
oeing treated with concentrated sulphuric acid and alkali, 'is decoloriz- 
ed with charcoal. The purified material is used as a substitute for 
beeswax under the name “ceresin.” 

QUESTIONS 

1. nescribe the general mctliods of preparation of the hydrocarbons of th 

paruifin series. Name six compounds of tliis series and give their structunl 

{Punjab, Inter,, 1934) 



•5. txivc an account of the occurrence of methane. How will you prepar 
I ^®*opIe of tills hydrocarbon in the laboratory and what experiments w'il/ t 
I perform to illustrate its important properties ? “Methane is a saturated hwi 
^^rbon,“ Explain thi.s statement. 

Describe the v'arious methods by whicli methane has been synthe.sized 
8cr*"^ will you distinguish between methane and another hydrocarbon of this 

•'5* Give the various methods for the preparation of ethane. How may a 
pure sample of the gas be prepared in the laboratory ? 

(*• I low' has the constitutional formula of ethane been arrived at ? Give 
‘‘s many facts as you can in support of the formula you deduce. 

Write a note on the nomenclature of isomeric paralTins. ^Vritc the 
structural formuhe of the following hydrocarbons : Neopentane, dimethtjkthul 
l-methid-S-isovromil-htxane. 


, - ill lurrnuiie mu mjii iijiiiuuin uuus ; ly eopentanc, i 

\^eiha7i€, 1 -mettnjl-S- isopropyl-hexane. 

t*!. I)e.scribc the occurrence, composition, and probable origin 
pclroleun). (iive an outline, in brief, of the method of treatment o 
I’*’oduct and iiidiuatn the main aimlications of tlie derived mfifurialc 


of natural 
of the crude 


i'' iiiueun). (iive an outline, in orici, oi tne meinoa oi treatment 
product and indicate the main applications of the derived materials 

{Punjab, B.Sc., 7912) 

. ^ \VIiat do you understand by the term flash point ? How is it deterroioed 

what is its importuricc V 

id. Write a note on cracking of oils, E.xplain the use of <uiii-knock fuel for 
Oiotor engines. 

Write notes on (a) natural gas, (6) Wurtz/ synthesis. (<;) Koibc’s reaction, 
{fl} Origin of petroleum. ^ 
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82. General Formulae and Nomenclature. There art: 

two main series of unsaturated aliphatic hydrocarbons — the olefinep; 
and the acetylenes. The former contain a double and the latter a 
triple bond. The general formula for the olefines is C^Ugn an,d that 
for tlie acetylenes C„H 2 n_ 2 - 

In addition to these, hydrocarbons containing two double bonds or 
two triple bonds are known. They are called diolefines and diacetyr 
lenes respectively. The general molecular formula for diolefine^ 
is the same as for acetylenes, viz., C„H 2 »_ 2 > for the diacety lenes, | 

itisC„H2n-6. 

The olefines are named after the corresponding paraffins by chang- 
ing the termination -ane into -ylene, or according to the Geneva 
system, into -ene ; in the case of diolefines the ending -diene is used. 
The position of a double, J^ond is indicated by adding the letter orj 
number of the first atom , of the doubty-bound pair of carbon atoms ; ^ 
e.^., 

n2C=CH2 H2C = CH.CH3 

Ethylene or Propylene, propene 

ethene ■ or methyl- ethylene 


i % 


HgC^CH.CHo.CHg 

Ethyl- ethylene 
or 1 -butene 

CH 3 


CIl3CH = CH.CH3 
Symmetrical dimethyl 
ethylene or 2 -butene 


:! 


H2C = CH.CH = CIT3 
1 : 3 -Butadiene 


HgC — C.CHg 

Unsjmimetrical dimethyl 
ethylene or 2 -methyl-propenei I 4 

CH 3 ' ’ 

I 7 

CH2==C.CH=CH2 ; 

* 2-Methyl-l : 3-butadienc i 
{isoprene) 

by the Greek letter A*- 
is* called 2-methyl- A" li?!* 


! < 


Sometimes, the double bond is indicated 
Thus, unsymmetrical dimethyl ethylene 
propene. 

The acetylene hydrocarbons are named in a similar manner t 
olefines, the termination -ine or diine being used instead of -ene o 
-diene ; e.g., 

Cn=CH CIISC.CHg 

Ethine or acetylene Propine or methyl acetjdene 
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C?H C. 01^2* CUgCssC.CIIg 

l“Butine or ethyl acetylene 2-Butine or dimethyl acetylene 

CH=C.CIT2.Cn2C=CII 
1 : 5-Hexadiine or dipropargyl 

OLEFINES OR HYDROCARBONS OP ETHYLENE SERIES 

83. General Methods of Formation : 

(1) From alcohols^ by dehydration by means of hot, concentrated 
sulphuric acid, phosphoric acid, or zinc chloride ; e.g,, 

CHg.CHgOn ^ CH2=CIl2+H20 

Ethyl alcohol Ethylene 

An alternative method consists in passing the alcohol vapour over 
heated alumina {catalytic dehydration^ Sec. 65). Secondary and 
tertiary alcohols lose the elements of water more readily than primary 
alcohols. 

(2) From alkyl halides, by heating with alcoholic potash ; the 
reaction involves the removal of a molecule of halogen hydride ; 

CIl3.CH2Br + XvOH““^CIl2=CH2-f-KBr-j-H20 
Ethyl Bromide Ethylene 

Sabatier and Mailhe have shown that finely-divided nickel, copper 
or cobalt can bring about the catalytic decomposition of alkyl halides 
into olefines and halogen hydrides. 

(3) From the dibasic acids of the succinic acid series, by electrolysis 
of a concentrated solution of potassium salts ; thus succinic acid 
itself yields ethylene : 

HgCCOOK HOH H 2 C 

1 1 I + j — II +2C02+2K0H+Ha 

HgCjCOO’K IIOJI HgC 

The complex ariion, when discharged, breaks up into ethylene and 
carbon dioxide. 

(4) Olefines are produced, together with paraffins, by the destruc- 
tive distillation of many substances, such as wood, lignite and coal. 
They are also formed by the “cracking’' of higher paraffins. The 
presence of ethylene in coal-gas and oil-gas is due to these causes. 

84. Physical Properties. As in the case of the methane 
series, ethylene hydrocarbons show a gradual change in their physical 
properties. The lower members, up to C^JIg, are gases, the following 
fourteen or so are liquids, while iJie higlier ones arc solids. The 
boiling-points of the corresponding hydro -arbons of the methane and 
the ethylene series lie very close together, b>3^t the melting-points of 
the olefines are somewhat lower than thos’ of the paraffins. Olefines 
are readily soluble in alcohol, but practical’ > insoluble in water. 

85. Chemical Properties. Olefiaw? are unsaturated hydro- 
carbons, and their most characteristic property i.s that of addition 
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(Sec. 36) . The double bond that their molecules contain is capable 
of taking up two monovalent atoms or groups, getting converted 
into a single bond, with the formation of saturated compounds. The 
most important addition reactions of olefines are : 

(1) In the presence of finely-divided nickel, they combine with 
hydrogen, yielding a paraffin (catalytic hydrogenation, Sec. 65) 

H2C=:CH2 + Il2 — > CH3.CH3 

Ethylene Ethane 

(2) They combine with chlorine, bromine and iodine, forming diha- 
logen derivatives ; e.g,, 

H2C=CH2+Br2 CHgBrXHgBr 

Ethyl en'fe Ethylene dibroinide 

(3) They also combine with halogen hydrides (of which III is most 
reactive), yielding alkyl halides, e.g., 

H2C=CH2+HI^ CH3.CII2I 

Ethylene Ethyl iodide 

According to Markownikoff ’s rule, the negative constituent goes to" 
thart Carbon atom which carries the smaller number of hydrogen 
atoms ; e.g., 

CH2=CH.CH3+HI CH3.CHI.CH3 

Propene 2-Iodopropane 

(4) Combination with hypochlorous acid, HOCP, gives rise to 
chlorohydrins. In this case, the electronegative hydroxyl group goes 
to the less hydrogenated carbon atom ; e^g,, 

CH2=CH.CH3+H0C1 — CH2C1.CH(0H).CH3 

Propene Propene chiorohydrin 

(5) Olefines are absorbed by concentrated sulphuric acid, forming 
alkyl-sulphuric acids, the electronegative group — HSO4, attaching 
itself, as usual, to the less hydrogenated carbon atom : e.g., 

CH2=CH2 + H2S04-^ CH3.CH2.HSO4 
Ethylene Ethyl-sulphuric acid 

CH2=:CH.CH3+H2S04 (CH3)2CH.HS04 

Propene Isopropyl-sulphuric acid 

On diluting with water and boiling the resulting aqueous solution, the 
alk^d-sulphuric acids are hydrolysed, yielding alcohols ; e.g,, 

C2H5.HSO4 -fH.OH-> C2H5OH 4-H2SO4 

Ethyl-sulphuric acid Ethyl alcohol 

It is thus possible to effect the indirect addition of the elements of 
water to an olefine, with the production of an alcohol. 


^ According to W. A. Noyes, the halogens possess an amphoteric character. 
The reversible reaction of chlorine with water, 

Cljs + HaO ^HCl 4 - HOCl, 

is formulated most readily as an interchange of ions 

Cla 4 - HjO-iicicr-f HOH—^HCl 4- cloH 


f 


H»C 


II +0; 


H,C 


+IL0 



it- I 
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The addition of snlpiiuric acid occurs much more readily in the case of hi.rh..r 
Icfines than witli ethylene ; tliiis, while ethylene requircs'fumintt siilijhuric acid 
propylene is absorbed by 85 per cent sulphuric acid. In the'ease of m^^of 
nro 5"°re complicated members, addition of the acid and the hydrolysis of ’the 
product-formed proceed under the same conditions, so that sSn” f c 

U^lcohols* sulphuric acid (eyen 10 or 20 per cent.) transforms them into 

( 6 ) When treated with a coki, (tilute, alkaline solution of potassium 
permanganate, an olefine is converted into a dihydric alcohol • 

HaC-zzCHo+IIsO+O CH^OH.CHpOH 

Ethylene Etliylene g]>xol 

(") Olefines and other compounds containing double bonds react 
With ozone, yielding explosive comopunds, called ozonides. These con- 
tain a raolecide of ozone attached 9 each double bond, and^^on beina 

Ir 1^ dilul^^^ » t li^^^ t are decomposed into aldehydes 

or ketones, and hydrogen peroxide. \ ^ 

HoC H,C Ov +1190 

\o 2H,C0 

—0^ 

Ethylene Ethylene ozonide Formal deli yde ' 

By determining the number of carbon atoms in the molecule of the aldehyde 
or ketone thus produced, the position of the double bond in the coinnound is 

revealed ; c.g., 

Ozonolysis 

CH 2 =CH.CH 2 .CIl 3 H^CO +CH 3 CH 2 .CHO 

l-Butene Formaldehyde Propaldehydc 

CHa.CH^CPI.CHg — 2Cir3.CHO 
2-Bntene Acetaldehyde 

The above method of “ozonolysis’' has been used for elucidating the constitu- 
tion of complex oleflnic substances including rubber. 

86. Detection of Double Bond. The presence o^ a double 
t>ond in a compound can be detected by the following methods : 

(1) Decolorization of a cold, dilute, alkaline solution of potassium 
permanganate (Baeyer’s reagent). 

(2) Decolorization of bromine water. 

(3) Physically, by the determination of parachor (Sec. H) which 
hndergdfes a specific increment through the presence, in the molecule 
of a ddnble bond. 

Ethylene, Ethene, Il2C=CIl2. 

- CCUrrence. Ethylene occurs to the extent of about .5 per cent 
in coal gas and in the gas from the coking ovens. It is also present in 
Wood-gas. 

Preparation* Plthylenc may be obtained by any of the general 
methods already described (Sec. 83). In the laboratory, it is usually 
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obtained by heating a mixture of ethyl alcohol and concentrated sul- 
phuric acid to about 160°C. The reaction has been shown to take 
place really in two stages. In the first instance, ethyl hydrogen sul- ^ 
phate, C 2 H 5 .HSO 4 , is produced; this then decomposes to give ethylene 
and water : — 

C2H5OH + H2S04F^C2H5,HS04 + HgO 
C 2 H 5 .HS 04 ^C 2 H 4 + H2S04. 

Expt. 24 . A mixture of 30 c.c. of alcohol and 75 c.c. of concentrated sul- 
phuric acid together with enough sand to form a thin paste is placed in a large 
size, round-bottom flask provided with a delivery tube and a dropping funnel 
(Fig. 54). The stem of the latter should be drawn out to a fine point and slightly 
bent, so that it could be kept filled with liquid and thus prevent the escape of the 
gas through it. The object of adding sand to the mixture in the flask is to prevent 
frothing. The flask is heated on a sand bath, until a steady stream of gas is 
evolved (100-1 65®C). When the evolution of gas becomes slow, a further supply 
may be obtained by dropping a mixture of equal volumes of alcohol and con- 
centrated sulphuric acid. The evolved ethylene is contaminated with alcohol 
and ether vapours, carbon dioxide and sulphur dioxide. It is, therefore, passed 



Fig. 54. Preparation of Ethylene. 


first through a cold empty wash-bottle, in order to condense alcohol and ether 
vapours, then through one or more wash-bottles containing a solution of potas- 
sium hyilroxide to remove COg and SOg. The gas thus purified is collected over 
water in glass cylinders. ^ v 

An alternative method of preparing ethylene, free from carbon 

dioxide and sulphur dioxide, consists in dropping ethyl alcohol into 
syrupy phosphoric acid heated to about 220 °. As the reaction is con- >» 
tinuous, an almost unlimited amount of the alcohol can be decomposed 
by a relatively small amount of phosphoric acid. 

Expt 25 About 50 c.c. of syrupy phosphoric acid (sp- gr. 1*75) are placed 
in a 250 c.c! distillation flask provided with a dropping funnel (the stem of 
which is drawn out to a fine point reaching to the bottom of the flask) and a 
thernionictcr (the bulb of which dips in the acid). The flask is heated on a sand 
bath, until the temperature rises to 220^, and then a quantity of alcohol is run 


Soc. 87.] UNSATURATED HYDROCARBONS 


139 


very slowly. The evolved gas is passed throngh a wash bottle surrounded 
by ice in order to condense water, alcohol, and ether vapours, and is then collect- 
ed over water. 

Manufacture. Ethyleue is prepared on a large scale by three 
different methods : 

(1) By passing alcohol vapour through a heated tower filled with 
coke moistened with syrupy phosphoric acid. 

(2) By passing alcohol vapour through heated tubes containing 
kaolin. 

(3) In the natural gas region, by cracking propane by passing it 
through heated tubes. 

Physical Properties. Ethylene is a colourless gas having a 
faint ethereal odour. It is sparingly soluble in water, but fairly so in 
alcohol and ether. 


Chemical Properties- (l) Ethylene burns with a luminous 
flame, and, like other hydrocarbons, forms an explosive mixture with 
air or oxygen* 

C.3H4+3O2 2CO2+2H2O 

(2) It shows the various addition reactions, described under 
Sec. 85. 

(3) Willstatter and Bommer have found that the oxidation of 
ethylene by means of atmospheric oxygen yields a fairly good yield of 
formaldehyde : 

CH2=CH2+02 — ► 2H,CIIO 


Expt. 26. (<*) Ignite a cylinder of ethyleAe. Notice that it burns with a 

bright flame. 

(b) Invert a jar containing ethylene over another containing chlorine. Notice 
that the colour of chlorine soon disappears, with the simultaneous production of 
oily drops of ethylene chloride. 

(c) Repeat the above experiment, using bromine vapour instead of chlorine. 

(d) Pour some bromine water into a jar of ethylene and shake. Notice that 
the colour of bromine disappears. 

(e) Repeat the above experiment with a dilute, acidified solution of potassium 
permanganate. 

Constitution. Sec See. 37. 

Uses. (1) Considerable quantities of ethyl alcohol are now made 
in the U.S.A. from ethylene obtained (together with other gases) by 
‘"cracking” petroleum natural gas. 

(2) Ethylene is now ucing used instead of acetylene for cutting and 
welding. Though inferior to acetylene so far as the flame tempe- 
rature goes, it has a distinct advantage over the latter in that it can 
be stored and transported in cylinders under high i>ressures without 
danger of explosion. 
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(3) It is also finding an extensive use in the fruit industry. Fruit 
is gathered and transported before it is fully ripe. On its arrival, 
it is kept for a few days in an atmosphere containing a small pro- 
portion of ethylene, which rapidly develops the colour and completes 
the ripening. 

^ (4) In recent years, ethylene has come into large use as an ansesthe- 
tic in place of ether. 

(5) Large quantities of ethylene are used in the preparation of 
ethylene chlorohydrin, ethylene chloride^ and during war days, of 
mustard gas. 

Ethylene is likely to find a much wider field of usefulness in the near future. 
In view of an almost unlimited use of formaldehyde, reaction CS), given above 
may prove of considerable individual importance. * 

88. Higher Homologues. 

Propylene {propenO, CH 3 .Cri=CH 2 , is obtained as a by-product in the 
cracking of heavy oils (Sec. 77). It is employed in the manufacture of isopropyl 
alcohol. 

Three butylenes, CjHg, are theoretically possible. All of Jthese are known, 
but are of little importance. Of the four isomeric pentylenes,* one only 

012 ., Trimethyl- ethylene, ( 011 : 3 ) 2.0 = CH.CHg, is important. It is commercially 
obtained from isoaniyl alcohol (^j'.u) by heating the latter to 200“. It is used, 
under the name of pental, as a narcotic of short duration. 

DIOLEFINES 


89. Diolefines, The diolefines contain two double bonds and 
have the general formula CnH 2 n- 2 ' 1*^ chemical behaviour the hydro- 
carbons of this series resemble olefines, and combine with four 
monovalent atoms or groups. They differ from the acetylenes (with 
which they are isomeric) in forming no copper or silver derivatives. 
On the other hand, they give precipitates with a solution of mercuric 
chloride. 

CH3 

90. Isoprene, H 2 C:C.CH;CH 2 , or 2~methyl-l-3-butadienej because 
of its close relation to caoutchouc and terpenes, is the most impor- 
tant of the diolefines. It is produced (together with triineth^d ethylene 
and dipentene) by the dry distillation of caoutchouc, but the yield is 
very poor (about 2 per cent) . On a commercial scale, isoprene may 
be obtained from the isoamyl alcohol in fused oil in the following three 

steps : I ^ 

fyxr HCl pTT ^ Chlorination 

J^iJa^cH.CHa.CHaOH ^ ^"=*>CH.CH2.CH2C1 ^ 

jsoamyl alcohol ^ Isoamyl chloride 


pS^>CCl.CHj.CH2Cl 

3 


Soda lime at 470° 
— > 


2-Methvl-2;4*dichlorobutane 


-HCl 


CH, 

HjC:C.CH;Cir, 

Isoprene 




I 

I 


! 





i 
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j The polymerization of the acetylene hydrocarbons is an important 
• method of passing from the aliphatic to the aromatic compounds. 

t (3) Formation of Metallic Derivatives. A very charac- 

^tenstic property of acetylene and its ?nwio-alkyl derivatives, R.CsCH, 
r IS the poAver of forming precipitates' with am|honiacaI solutions of 
silver nitrate and cuprous chloride. Thus, whep acetylene is passed 
through an ammoniacal solution of silver nitrate, it produces a 
white precipitate of silver acetylide, CgAgo . 

HNO 3 +NH 4 OH N^iNQg+HgO [ X 2] 


d 

)* 

ir 

b 

s. 

IC 


CjAg2^2NHiN03+2H20 


5 C 

r* 

le 

is 

iV 

ee 


C 3 H,+ 2 Ag.N 03 + 2 NH,OH . 

similarly, with an amoniacal solution of cuprous chloride a brownish- 
I'ed precipitate of cuprous acetylide, CgCug, is produced. Both these 
compounds are explosive, silver acetylide being more so than the 
cuprous compound. 

The formation of these precipitates is used as a distinctive test for 
acetylene and its monoalkyl derivatives, and serves to distinguish these 
hydrocarbons from all others. Further, since these acetyl ides are 
decomposed by acids with regeneration of the acetylene hydrocarbons, 
their formation is also utilized for the separation of these hydro- 
carbons from a mixture. 

When acetylene or one of its monoalkyl derivatives is passed over 
heated sodium or potassium, hydrogen is set free, and metallic sub- 
stitution products, such as CgllNa and CgNag, are formed. 

The dialkyl acetylenes do not form metallic derivatives of the above 
type, since they contain hydrogen in direct combination with the 
triply bound carbon atoms. 

93. Acetylene, Ethine, CH=CH. 

Occurrence. Acetylene occurs in coal-gas to the extent of about 
1^*06 per cent. When a Bunsen burner strikes back, the gases formed 
I contain up to 0*8 per cent of 


Acetylene. (See Expt. 28 ). 

' Synthesis. Acetylene was 
hrst synthesized by Berthelot 
1859 by sparking carbon 
^lectrodes in a current of 

hydrogen (Fig. 55). 

>• C 2 H 2 

Preparation, (i) Ace- 
tylene may be obtained from 
ethylene dibromide (sec Sec. 





Ha + Ct Ha 



Fig. ,55. Syntliesxs oT AcetyJen*^ 


fill 






144 


MODERN ORGANIC CHEMISTRY 


[Sec. 93. 


(2) It may also be obtained from acetaldehyde (see Sec. 91). 

(3) It is most readily prepared by dropping water on calcium 
carbide^ ; 

M GH 

Ca/ III +2H.OH Ca(GH) 2 + III 
\ C CH 

The gas evolved from the commercial carbide is contaminated with 
ammonia, hydrogen sulphide and phosphine. It may be washed 
with an acid solution of cupric sulphate, which removes all the above 
impurities. 


£jXpt. 27, Fit up the apparatus shown in Fig. 50. Place a layer of sand in 

the filtering fiask, and cover this with 
a few pieces of calcium carbide. Place 
a solution of cupric sulphate acidified 
\\ith hydrochloric acid in the Drechsel 
bottle." Admit water slowly through 
the dropping funnel, and collect the 
evolved gas over water. 

(4) The formation of acetylene 
during incomplete cofnbustion of 
coal gas or ether may be shown 
by means of the following experi- 
ments : 



Fig. 56. Preparation of Acetylene. 


Expt 28. Light a Bunsen burner 


at the base, and -aspirate the resulting; gases 
through a Drechsel bottle containW^ some 
anmioniacal cuprous chloride^ solution'. -It will 
be observed that a reddish-brown precipitate 
of cuprous acetylidc is formed (Fig. ^7). -r- 

Expt. 29. Pour some ammoniacal solu- 
tion of cuprous chloride’ into -a wide -boiling-, 
tube, and then a little ether. Light the cBier 
at the mouth of the tube, and while it is burn- 
ing hold the tube in a slanting position and give 
it a slow rotatory motion. It will be observed 
that a precipitate of cuprous acetyl ide is 
formed in this case also. 

(5) Acetylene is also formed when a Fig. 57. 

solution of the sodium or potassium salt , ^ . 

of fumaric or maleic acid is submitted to electrolysis : 

CH.COOH CH 

III — > III +2CO.2+H2 

CH.COOH CH 

Pnrifi nation The acetvlene obtained from commenal calcium 

cadbide contains ■ compounds of phosphorus, sulplmr. arsenic and 

~ 1 This reaction proves that calcium carbide possesses the structure of a true 

acetylide. 
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other impurities. The gas is purified by washing with solutions of 
sodium hypochlorite, lead acetate, potassium dichromate and similar 
reagents. 

Prop6rti6S- PhysicaL Acetylene is a colourless gas, which when 
pure, has a peculiar ethereal smell. The objectionable odour of the 
gas prepared from the commercial carbide is due to impurities, 
especially phosphine. Water dissolves about 1 volume, alcohol C volumes, 
and acetone 25 volumes of the gas under the ordinary conditions. 

Chemical, (1) Acetylene is an endothermic and unstable compound. 
When submitted to a pressure of more than 2 atmospheres and 
detonated, it decomposes into its elements with explosive violence : 

CoH2-^2C+Ho. 

For industrial purposes, the gas is stored by forcing it into cylinders 
packed with briquettes soaked in acetone, which absorbs 25X12 or 
300 vols. of the gas at 15® and under a pressure of 12 atmospheres. 

(2) Acetylene burns with a luminous, smoky flame. When used as 
an illuminant, it is burnt in special burners, in wdiich the gas sucks in 
large amounts of air as it issues from two small openings, and burns 
with a brilliant w^hite flame, which does not emit smoke. 



Fig. 58. 


Oxy-acctylene Torch. 


The oxy-acetylene blow-pipe (Fig. 58) gives the hottest of ;ill llames 
(temp. =2,700°), and is used for welding, cutting and making holes into 

steel plates. 

Like ail hydrocarbons, acetylene forms an explosive raixturh 
with air. 




Expt. 30. some acetylene contained in a gas-cylinder : 

a siiiokv Hairitj. . ... ,i . .u n 

i.Ight tlic gas in an acetylene burner. Notice Unit the il nne 

liriiliuncv. 


it bfirp. witli 
is of 
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Acetylene bursts into flame in contact with chlorine, producing free 
carbon and hydrochloric acid. 

C2H2+CI2— ► 2C+2HCI 

However, in the presence of suitable catalysts addition products are 
formed as usual. 

(3) Acetylene shows all the characteristic reactions of the hydro- 
carbons of this series (Sec. 92). When it is passed into warm, 20 per- 
cent sulphuric acid, containing a little mercuric sulphate, it adds on a 
molecule of water, yielding acetaldehyde. 

CH=CH-f HgO ^ CHg.CHO 
This reaction is of considerable commercial importance. 

Hxpt. 31. (a) Place a cylinder containing acetylene over another containing 

chlorine. Notice that the mixture ignites spontaneottsltf^ with the deposition of 
carbon and formation of fumes of hydrogen chloride. 

(6) Throw a small piece of calcium carbide into a trough containing w-ater, 
and bring the end of the delivery tube of a chlorine generator near the bubbles 
of acetylene as they rise from water ; notice that the bubbles of the gas ignite 
spontaneously. 

(c) Pour some amnioniaeal silver nitrate solution into a cylinder full of 
acetylene- Notice that a white precipitate of silver aeetylide is formed. 

(d) Pour some ammoniacal cuprous chloride solution into another cylinder 
of acetylene. Notice the formation of a reddish-brow^ii precipitate of cuprous 
aeetylide. 

Uses. (1) As already mentioned, acetylene is used as an illumi- 
nant and in the oxy-acetylene torch. 

(2) Acetylene, carefullj^ purified from all impurities, is used as an 
anaesthetic under the name Narcylen, 

(3) Acetylene is a synthetic agent of great importance. It can be 
readily obtained from its elements, and is very reactive. These two 
facts make acetylene almost indispensable in a large number of ‘‘com- 
plete sym theses” of organic substances. The advent of cheap electric 
energy, derived mainly from water-power, has made it possible to 
produce calcium carbide, and therefore acetylene, very^ chea23ly- 
Hence, the possibilities of utilizing acetydene for the manufacture 
of organic substances of economic value have recently attracted much 

attention. 

The most important synthetic uses of acetylene are : 

{a) Conversion of acetylene into acetaldehyde (Sec. 93), which in 

turn yields — 

(i) ethyl alcohol, by^ reduction, 

CHg.CHO +H2 CHg.CHaOH; 

(iz') acetic acid’^ by oxidation, 

CHg.CHO-fO — ► CH3.COOH ; 
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(Hi) ethyl acetate, by polymerization in the presence of aluminium 

ethoxide, 

2 CH,CHO —4. CH 3 .COOC 2 H 5 


i 


Jst' In addition to the above three compounds, a number of other im- 
portant aliphatic compounds of simple constitution have been obtained 
Irom acetylene, via acetaldehyde {q.v.) More complex substances, 
such as artificial rubhe)\ have also been obtained by this means. 

[h] Conversion of acetylene into benzene at a dull red heat [Sec. 92] 
luay some day prove to be of great commercial importance, though so 
tar it cannot be said to possess any practical significance. 

(c) Conversion of acetylene into heterocyclic compounds, thiophene 
and pyrrole. 

(d) Combination of acetylene with chlorine in the presence of a 
catalyst yields acetylene tetrachloride, CgHgCI^, which is used exten- 
sively as a solvent under the name of westron. The latter is also 
employed in the preparation of other solvents, e.g., westrosol (trichlor- 
acetylene), CCla—CHCl, and acetylene dichloride, CHC1=CHC1, 

(4) Acetylene has recently been used by the Zepplin factory at 
f'riedrichschafen, Germany, for the manufacture of hydrogen. The 
process consists in decomposing acetylene contained in steel cylinders 
by electric sparks. The very fine carbon obtained as the by-product 
used for making printer’s ink. 

Constitution. The constitution of acetylene follows from its 
formation from ethylene dibromide and 
a«etaldehyde (Sec. 91), the two carbon 
^toms being linked together by a triple 
bond. The representation of the molecule 
by atomic models is shown in Fig. 50. 

^4. Homologues of Acetylene. The Iiomologues of acetylene are 
. into two distinct classes, viz., moiio-alkyl acetylenes and di-alkyl acety- 

tO ; Icries. As already mentioned, the former class gives * 

[V- ' ‘^‘^mpoumls, while the latter are mea|mble of yielding 

ik \i -^llylene propine or methijl-acetylene, CUj.OCsnCJl, is a gas boiling at 
I ''hen treated with concontratetl sulphuric acid it yields mesitylene (Sec. 92) 

^ Crotonylene or hutine C 4 flc, exists in two isomeric forms viz., 

CH=C.CllaCIl 3 and CHg.C^C.CHa 

1 -Butine or ethylaeetylene 2-nutine or dimethylac 

I The first of these boils at 18“ and the second at 28 


n 


Fig. 59. 


mono-metallic substitution 
g such derivatives. 


j*y- — 

dimethylacetylene 




• 94 A. Diacetylenes. The diacetylenes contain two triple bonds, 

; ^9d have the general formula Cnilan-o'* which is identical with that of 
fbe benzene hydrocarbons. In chemical behaviour, the hydrocarbons 
df this series resemble acetylenes, and combine with tour monovalent 
^^tonis or groups. They polymerize with great ease. 
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BiSiCetylene, butadiine, Cn : C.C i CH, is a gas of a peculiar odour. It can 
be readily converted into a liquid which boils at 10 . It yields a violet-red 
copper compound and a yellow silver compound, the latter exploding on being 

rubbed, even when moist. 

DipropargyP> 1 : o-Hexadiine, CH • C.CHgCHaC ; CH, possesses a special 

interest, as it is isomeric with benzene, CgHg. 


QUESTIONS 


1. Write a note on the nomenclature of unsaturated hydrocarbons. 

2. What do you understand by unsaiuralion in organic compounds . u nat 

reactions are characteristic of this state ? {Pun;^ab, Inter. y ) 

3. Give the general methods of formation of the olefine hydrocarbons and 

their chief reactions. . ^ i xt„™« 

4. llescribe the laboratory methods for the preparation of ethylene. iName 

three of its characteristic properties. (Futijab, Inter, y } 

5. How can ethylene be prepared on a commercial scale ? Give its important 

0. 12 C.C. of a gaseous hydrocarbon were mixed w'ith 90 c.c. of oxygen, an 

the mixture exploded. After explosion, the volume w-as 72 c.c. On 
KOII, 3G C.C. of gas disappeared, leaving oxygen only. \Miat is the moleciU 
formula of the gas ? All the above measurements were made at la c an 
755 rnm. pressure, the gases being saturated with moisture. . 

15X=:12-7 mm,J (Punjab, inter., 1919} 

7 A liquid hydrocarbon was found to contain 85-7 per cent, of carbon, it 
vacour density was 3.'.. It decolorized dilute alkaline potassium permanganate 
solution and bromine water. When treated with ozone and dilute hydrochloric 
acid it gave both acetaldehyde and acetone. hat hydrocarbon was it . 

S Give the general methods of the preparation of acetylene hydrocarbons 
and their chief chemical properties. Into how many classes are the acetylene 
hydrocarbons divided, and in what important respects do the members of one 

class differ from those of the other ? , ^ i ■ 

9. How will vou show that acetylene is formed (i) by the direct combination 

of its constituent* elements, (ii) by tbc incomplete combustion of coal-gas, . 

the incomplete combustion of ether? , 4. 

10 Write a comprehensive account of the various uses to which acet> ^ 
is put at the present day, and also those to which it is likely to be put m the near 

A hydrocarbon was found to contain C, 88*9 per cent ; 1 1’l per cent 

On being treated w ith excess of bromine it gave a compound containin g 
per cent of bromine. With ammoniacal silver solution it gave a white precipitate. 

\\hat 88-9 per cent of carbon was found to give P^' 

i-initate with ammoniacal solutions of silver nitrate and cuprous chloride \\ hen 
it^ solution in cTccutrated sulphuric acid was diluted with water 
methyl ethyl ketone passed over. 1 he vapour density of the lo drocai non 

27. What hydrocarbon was it ? 

answers 
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7. 

11 . 
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C,H 


Trimethyl-ethylene, (CH3)2.C=CII.CH3 
Ethvl-acetylcne, CH3.CH2.C~CH. 
Dimethyl -acetylene, CJf^Ia.C—C.CIIs. 


^ The monoUlent group, CH ; C.CHo derived from propinc, Cll i C.CHa 

termed propitiyl or propargyl. 
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ir7\LOGEN t>FT?TVATI VES of HYn ROnATLRONS 


The halogen derivatives of the aliphatic hydrocarbons provide the 
most valuable starting material for the syntheses of aliphatic com- 
pounds, and, for this leason, are dealt with before any other class of 
derivatives. 

HALOGEN DEKIVATIVES OF PARAFFINS 

95. Monohalogen Derivatives. These are derived from the 
^araliiii hydrocarbons by the replacement of only one hydrogen atom 
5y a halogen atom. They may also be regarded as esters of the 
halogen acids, and, for this reason, they are more commonly called 

Q-lkyl halides. 

96. Formation of Alkyl Halides. Alkyl halides are obtained 

by the following general methods : 

( 1 ) From paraffins, by the action of halogens in the presence of 

sunlight; e.g.. CH4+CI2— CI-I3CI+HCI 

The reaction, however, is not suitable for preparing alkyl halides, 
since it proceeds further to give difficultly separable mixtures of 

isomerides and higher halogen derivatives. 

(2) From oleUnes, by the direct combination with halogen hydr- 

acids ; fj.g,, , ^ T 

. C 2 H 4 +HI— ► CsHbI 

( 3 ) From alcohols, by the action of halogen acids or phosphorus 
liftliclps * 

(i) CH.OH+HCIf^CHsCI+HjO. 

(If cvtoil+PCls-^ C3H,CI+POCl3+HCl 
Reaction (f) is reversible and means to eliminate water must be 
adopted In Grove’s process, for preparing alkyl chlorides, alcohol, 
to whicli some anhydrous zinc chloride has been added, is saturated 
# with gaseous hydrogen chloride. Another method consists in dis- 
’ tilling a mixture of alcohol, sodium halide and concentrated sulphuric 

acid (see Expt. 32, .See. 98). ^ ^ . t , 

In Sabatier and Mailhes’ method, the esterification is elfected 

catalyticallv by passing a mixture of alcohol vapour aiul hydrogen 

chloride over alumina heated at 400° to 450’ (compare Sec. 78). In 

149 
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this method, a mixture of the isomeric alkyl chlorides is obtained 
together with the corresponding olefine hydrocarbon. Propyl alcohol 
yields mainly isopropyl chloride, a small amount of propyl chloride 
being also formed. 

When preparing alkyl bromides by reaction {ii) it is not necessary 
to employ previously prepared phosphorus halides ; the halogen is 
gradually added to a mixture of alcohol and phosphorus, and the 
whole is then warmed to complete the reaction. 

(4) From alkyl sulphates, by the action of the metallic halides in 
aqueous solution : 

, (CH3)2S04+KI-^ CHgl+CHgKSO^ 

97. Properties of Alkyl Halides. PkysicaL Only a few of 

the alkyl halides, viz,, CH3CI, C2H5CI and CH3Br, are gases under 
ordinary conditions, but the majority are colourless pleasant-smelling 
liquids. Those having a high molecular weight are solids, e,g,, cetyl 
iodide, C^gUggl. Among halides derived from a particular alcohol, the 
chloride has the lowest boiling point ; the bromide boils about 22°, 
and the iodide 50°, higher than the chloride. Specifically, also, the 
iodides are heaviest and the chlorides lightest. Like other esters, 
alkyl halides are practically insoluble in water, but they readily dis- 
solve in alcohol, ether, carbon disulphide, and other organic solvents. 

Chemical, {a) Non-polar Character. Alkyl halides difPer characteristic- 
ally from the metallic halides. As is well known, the latter compounds 
react instantaneously with aqueous silver nitrate, jdelding a precipitate 
of silver halide. Alkyl halides, on the other hand, being non- 
electrolytes, either do not react with silver nitrate or the reaction 
proceeds very slowly. 

(b) Substitution Reactions. It must not be concluded from 
{a) that the halogen in alkyl halides is particularly firmly bound. 
As a matter of fact, the aliphatic halogen compounds are amongst 
the most reactive of all organic compounds. The halogenatom is 
easily removed and replaced by other atoms or groups. This property 
renders them of great importance in synthetic organic chemistry, as 
is illustrated by the following reactions : — 

(1) When an alk3d halide is treated with zinc-copper couple and alco- 
hol or tin and hydrochloric acid, the halogen atom is replaced by hydro- 
gen With the production of the corresponding paraffin {cf. Sec, 72) ; e.g., 

C2H5I +2H— > Cgllg -fill 

Ethyl iodide Ethane 

(2) When heated with aqueous potash, the halogen atom is 
replaced by the hydroxyl group, -with the production of an alcohol; e.g., 

CgHJ + KOH— 5^ C2H5OH -f-KI 

Ethyl alcohol 
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(3) When an alkyl halide is distilled with potassium hydrosulphide, 
the halogen is replaced by the SH group with the produetion of a 
thio-alcohol : — 

CoHsBr+KSH— ^ CallBSH +KBr 

Ethyl thio-alcohol 

(4) When an alkyl halide is heated with sodium or zinc, the 
halogen atom of one molecule gets replaced by the alkyl group of 
the other, with the production of a higher paraffin {Wuriz' Synthesis); 

2 C 2 II 5 I > C2ll5.C2H5-|-^nl2 

n-Butane 

Similarly, when an alkyl halide is heated with a halogen derivative 
of fi benzene hydrocarbon along with metallic sodium and dry ether, 
the halogen atom of the alkyl halide gets replaced by an aryl group, 
a higher homologue of benzene hydrocarbon being thus produced 

(Fittig’s Reactior^) ; e.g.,_ , +NaBr+NaI 


C 2 H 5 I 
Ethyl iodide 




CoHsBr +2Na 

Bromobenzene 


Ethyl benzene 


(' 5 ) When an alkyl halide is heated with a sodium derivative of an 
alcohol, the halogen atom is replaced by an alkoxyl group, with the 

production of an ether ; e.g., ^ -.t r\ r-tr , xt t 

CoHJ+NaOCHa— >- C 2 H 5 .O.CH 3 +NaI 

“ ° Methyl ethyl ether 

( 6 ) Similarly, with silver salt of a carboxylic acid, the halogen 
atom gets replaced by an acyloxtjl group, an ester being thus pro- 

cluCGfl • P ^ 

’ “ CHaCOOAg-t-Callal -> CHaCOOCA-hAgI 

Silver acetate Ethyl acetate 

(7) When heated with an alcoholic solution ol ammonia m a sealed 
tube, the halogen atom is replaced by an amino group with the 

production of an amine ; 

C.HsU- NHa — CaHsNIIa -I- KI 

Ethylamine 

( 8 ) When heated with potassium cyanide, the halogen atom is 
replaced by the cyano group with the production of an alkyl cyanide ; 

CHaH-KCN^ Calla-CN +KI 

“ Ethyl cyanide 

This reaction is of great importance, for the alkyl cyanides are 
easily converted into carboxylic acids by hydrolysis with mineral acids 

or alkalies „ cN-h2lIaO CaHa.COOH-|-NIta 

^ I'ropionic acid 

The conversion of an alkyl halide into alkyl cyanide involves the 
introduction of an additional atom ol carbon into the molecule. 
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Hence, it affords a means of ascending a homologous series. Thus, 
methyl alcohol (a derivative of methane) may be converted into acetic 
acid (a derivative of ethane) by the following series of reactions : — 

P-Mo KCN H.OH 

CH3OH —5-“ CH3I — > CH3.CN — ^ CH3.COOH 

]Mcthyl alcohol Methyl iodide Methyl cyanide Acetic acid 

(9) When heated with silver nitrite, the halogen atom is replaced 
by the nitro group with the production of a nitro-paraffin ; e.g., 

C2H3I+ AgNO^ — C2II3NO2 +AgI 

Nitro-ethane 

(c) Obher Reactions. The many-sided reactivity of alkyl 
halides and their use in synthetic organic chemistry is further shown 
by the following reactions that they undergo : — 

1. Conversion into Olefine Hydrocarbons. See Sec. 79. 

2. Grignard^s Reaction, When a dry ethereal solution of an alkyl 
halide is treated with dry magnesium, a magnesium alkyl halide is 
produced ; e.g., 

C2H5I +Mg-> C^Hs.Mgl 

Ethyl iodide Magnesium ethyl iodide 

j\Iagnesium alkyl halides themselves are extremely important synthe- 
sizing agents, and are employed for preparing a large number of^ 
organic compounds, under the name of Grignard’s reagents (see next 
Chapter). 

3. Formation of Zinc Alkyls. When an alkyl halide is heated 
with zinc filings in an atmosphere of carbon dioxide, a zinc alkyl halide 
is formed, 

Zn+CgHs!--*; C^HgZnl, 

which, on raising the temperature, gives a zinc alkyl^ 

2C2H5ZnI — ^ (CgHslaZn+Znlg 

4. Combination with Tertiary Amines. Alkyl halides undergo 
direct addition with tertiary amines, forming quaternary ammonium 
salts : e.g., 

{CU^hN +CH3l--^ (CH3)4NI 

Trimethylamine TetramcthylammoniiLni iodide 

98. Individual Members. A few of the alkyl halides in 

common use are given below. They all show the chemical properties 
given in the preceding article. 

Methyl CMorid 9, or C hi or 0 methane, CH3CI, is prepared by 
Grove's process : Methyd alcohol to which about half its weight of zinc 
chloride has been added, is saturated with hydrogen chloride. The 
mixture is then gently warmed over a water-bath, when methyl 

chloride passes over. 

CH3OH -1- HCl CH3CI + H2O 


U 

V 

a 


\ 
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Methyl chloride is a colourless, sweet-snielling gas, which, on being 
cooled under pressure, condenses to a liquid boiling at — 23 ®. Rapid 
evaporation of the liquid causes an intense heat absorption. The gas 
burns with a green-edged flame. 

USGS* Methyl chloride is placed on the market in the liquid form. 
It is largely employed : — 

(1) As a methylating agent^ in the manufacture of dyes, and 

(2) For the production of low temperatures. 

Methyl Bromide, CHgBr, resembles ethyl bromide in its method 
of preparation and properties. It boils at 4 5 . 

Ethyl chloride. C2H5CI, is also prepared by Grove’s process. It 
is a liquid boiling at 12®. The rapid evaporation of the liquid causes 
an intense heat absorption as in • the case oi methyl chloride. For 

this reason, it is emplWed as a local 

Ethyl bromide, CgHsBr, is readily obtained by distilling a mix- 
ture of potassium bromide, ethyl alcohol and concentrated sulphuric 

o 0 1 cl 

KBr+H^SO.— KHS04+HBr 

C.H 50 H+IIBri=iC,H 5 Bi -1-11,0 

Evnt Place .30 c c of concentrated sulphuric acid in a distillation 

flasVaddgraduall'ySo'c.c. of’alco''o' constant shaking and. cooling. Then 
add 30 gm. of coarsely 
powdered potassium broniidc. 

Connect the flask to a Liebig 
condenser, and the latter to 
an adapter dipping under ice- 
cold water in a flask (Fig- 00). 

Heat the flask on a sand 
Oath. Ethyl bromitle passes 
oyer and collects as a heavy 
oily layer at the bottom of 
the water in the receiver. 

Separate the oil by means 
of a tap-funnel, wash it first 
'vith its own volume of water, 
than with dilute sodium car- 
bonate solution, and finally 

f ''ith water. Allow the oil 
to stand ov’^cr granular cal- 
^ ciuni chloride, until it bc- 

|if/cornes clear. Then decant it Fig. 00. Preparation of Ethyl Bromide, 

t into a dFtiJlaiion ilask, and redistil. Collect the fraction passing over at 
: 37* — 40 '-’^ and seal it io a ^la.ss tube. 

Ethyl bromide is a colourless, pleasant-smelling liquid (b,p. 38 ®). 

Methyl Iodide. CH3I. is prepared by gradually aikli ng iodine to 
<3 mixture of methyl alcohol and red phosphorus, and distillin g the 
* For introducing methyl group in a molecule. 



154. 


MODERN ORGANIC CHEMISTRY 


[Sec. 99. 


reaction product from a water bath. 

2P+3I2— --- -3 

3CH3OH+PI3— ^ 3CH3I-1-H3P03 


2PI 


[X2] 



2P+3I2+6CH3OH — J-6CH3I+2H3P03 

Expt. 33 . Preparation of Methyl Iodide',— 


Methyl alcohol, 22 c.c. 

Red phosphorus, 5 gm. 

Iodine, 50 gm. 

Kit up the apparatus shown in Fig. Cl. Put methyl 
alcohol and red phosphorus into the round-bottom flask (/2), 
place the iodine on a plug of glass-wool covering the lower 
part of the funnel-tube (F), turn on a rapid stream of cold 
water into the condenser, and heat the water-bath. The 
vapour of boiling methyl alcohol rises through the side-tube 
{ST) up into the condenser ; the condensate continuously 
drops on to the iodine in F, and thus gradually introduces it 
into the flask in the form of solution. When the reaction is 
complete, distil the product from a water bath. 

Purify the methyl iodide as described under ethyl 
bromide. 

Methyl iodide is a colourless, highly refracting liquid 
having a sweetish odour (b. p. 42°). On exposure 
to light, it gradually darkens owing to the separa- 
tion of iodine — a phenomenon common to nearly all 
organic compounds containing iodine. 

Methyl iodide is used in the laboratory as a 
methylating agent, in preference to methyl chloride. 
The ease with which it can be handled and its 
greater reactivity more than make up for its greater 
cost. 


Fig. 61. Preparation 
of Methyl iodide. 

Ethyl Iodide, CgHjI, closely resembles methyl iodide and is 
prepared by using ethyl alcohol instead of methyl alcohol in the 
above experiment. It boils at 72°, and forms ethyl mercuri-iodide, 
Et. Hgl, m.p. 182°. It is used in synthetic organic chemistry in 
the same way as methyl iodide. 

99\ Dihalogen Derivatives. The dihalogen derivatives of 
the paraffins may be divided into two groups, according as the two 
halogen atoms are in union with the same or with different carbon 
atoms. The latter class is obtained by the direct combination of a 
haloffen with an olefine hydrocarbon, 

^ CH2=CH2+Br2— ^ CHgBr.CHgBr 

Ethylene Ethylene bromide 

while the former may be prepared either from an acetylene hydro- 
carbon by making it combine with two molecular proportions of a 
halogen hydride, 

CH=CH+2HBr— V CHg.CHBrg 

Acetylene Ethylidene bromide 
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-HaO 


CHg.CHO 

Acetaldehyde 


or from an aldehyde or a ketone by the action of phosphorus penta- 
halide. 

CHg.CHO +PCl5-> CH3.CHCI2 +POCI3 

Acetaldehyde Ethylidene chloride 

On being heated with aqueous alkalies, the derivatives containing 
the halogen atoms linked to two different carbon atoms, yield dihvd*^ 
ric alcohols or glycols, 

CHaBr.CIT.Br + 2KOII — ^ CU^ 0 H.CHj 011 + 2 KBt, 

Ethylene bromide Ethylene glycol 

while the other croup yield aldehydes or ketones : 

H.OH -H.O 

CH.CHgBra — CH3,CH{OH)2 

Ethylidine bromide unstable 

H.OH 

CH3.CCI2.CH3 CH3.C(OH)3.CH3 — > CH3.CO.CH3 

2-Dichloropropane unstable Acetone 

Dichloroethane, C2H4CI2 exists in two forms : (1) 1 : 2 -dichloro- 
etkane or ethylene chloride, CHaCl.CHgCl, and (2) 1 : l~dichloro- 
ethane or ethylidene chloride, CH3.CHCI2. 

Their respective methods of preparation have already been given. 
The constitution of each compound follows from the product obtained 
by its hydrolysis. 

Ethylene Bromide, CHaBr.CHaBr, 

ethylene into bromine. It is a colourless, 
boiling at 131 °. It is much used as a 

purposes. 

100. Trihalogen Derivatives. 

vatives of paraflin hydrocarbons the most important are : (1) 
ChlorofornvJ^HClg, (2) Bromoform, CHBrg, and ( 3 ) Iodoform, CHIg. 

Chloroform or Trichloroniethane, CHClg. This compound is pre- 
pared both on a commercial scale and in the laboratory by distilling 
alcohol or acetone with bleaching powder. 

Expt, 34. 100 grams of bleach- 

ing powder arc rubbed into a paste 
with about 400 c.c. of water and 
Piaced in a two-litre flask, fitted 
with a condenser, an adapter, and 
a receiver (Fig. 02). 25 c.c. of 

alcohol Or acetone are added, and 
the mixture gradually heated on 
a sand bath. If there are any signs 
of frothing, the flame should be tem- 
porarily removed, until tlft: reaction 
uioderates. The heating is con- 
tinued, until no more chloroform 
distils over. The product is sepa- 
rated from the aqueous layer, shaken Fig. 02. Preparation of Chloroform 
with dilute alkali, dried over c;dcium chloride, and redistilled. 


is obtained by passing 
pleasant-smelling liquid, 
solvent and for synthetic 

Of the trihalogen deri- 
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The mechanism of the reaction in the case of alcohol is assumed to 
be as follows : 

Step I. Ethyl alcohol is oxidized by chlorine of the bleaching 
powder to acetaldehyde : 

o ^ 

CHj.CHjOH ^ CH3.CHO 

Ethyl alcohol Acetaldehyde 

Step II. The acetaldehyde gets chlorinated to trichloro -acetalde- 
hyde (chloral) : 

CHa.OHO+SCIg— ^CCIg.CHO+SHCl 

Chloral 

Step III. The chloral is hydrolysed by the lime present in bleach- 
ing powder to chloroform and formic acid, the latter combining with ■ 
lime to form calcium formate ; 

CClg.CHO-f-HO.H — CHCla-f HCOOH [ x 2 ] 

2 HCOOII-)-Ca(OH) 2 — »-(HCOO) 2 Ca+ 2 HjO 
2 CCl 3 .CH 04 -Ca(OH) 2 — i 2 CHCI 3 + “ (HCOO) 2 Ca 

Chloral Chloroform Calcium formate 

In the case of acetone, a similar explanation is offered : — 
pxT Chlorination H.OH 

^ ^ CHC\^ -fCHgCOOH 

3 3 

Acetone Trichloroacetone Chloroform Acetic acid 

Preparation of Pure Chloroform. Chloroform prepared as above is - 
generally impure. A convenient though expensive method of preparing pure 
chloroform consists in heatin^f chloral or chloral hydrate with a solution of caustic 
soda. 

CCls.CHO-l-NaOH— ^ CHCI 3 + HCOONa 

Chloral Chloroform Sodium formate 

Pliysical Properties. Chloroform is a colourless liquid having 
a sweet sickly odour and a sp. gr. of 1*5 at 15®. It boils at 61®, and 
burns with a green-edged flame. It is soluble in about 200 volumes of 
cold water, to which it imparts a sweet taste. 

Reactions. The more important reactions of chloroform are ; — 

( 1 ) Oxidation. Under the influence of air and light, chloroform is 
decomposed into hydrochloric acid and the highly poisonous substance ; 
carbonyl chloride : — 

CHClg-l-O COCJa-f-HCl ^ 

( 2 ) Hydrolysis. When heated with alcoholic potash under a reflux 
condenser, it is hydrolysed into potassium formate and potassium | 
chloride, which may be identified in the usual manner. 

CHClg+SH.OH— ^HC(OH)3-b3HCl 

HC(0H)3— > HCOOH+HgO . 

HCl-fKOH— ^ KCl+HgO [x3] \ 

HCOOH-I-KOH — ^ HCOOK-f HgO 

CHCI 3 -h 4KOH — i HCOOK + 3KC1 + 2 H 2 O . 
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(3) Carhylamine Reaction. When a drop of chloroform is warmed 
with a drop of aniline and a few drops of alcoholic potash, a 
disgusting odour of phenjd isocyanide or carhylamine, Cgll-NC, is 
developed : — 

CgllgNVJo+CHCIa+SKOH— ^ CgH^XC +3KC1+3H.O 

Aniline ** PhenVl isocyanide 

(4) Condensation with Acetone. In the presence of alkali, chloro- 
form undergoes condensation with acetone, yielding iricklojo-tcrtiary^ 
butyl alcohd, known as chloretone, wlji<-li is sometimes used in medi- 
cine as a sedative and anassthetic. 


CII3 

CH, 


>C=0-|-lI.CCl3 


Acetone 


CH3.c<rOH 

CCI 3 ' 

Chloretone 


( 5 ) Substitution Reactions. Chloroform reacts with chlorine to 
form carbon tetrachloride, CCI 4 , with concentrated nitric acid to 
form chloropicrin, CCI 3 NO 2 , and with nascent hydrogen (Xn-hHCl) 
to give methylene chloride, CH 2 C 12 . 


Tests. Reactions (2) and (3) are both employed as tests for chloroform. The 

latter is extraordinarily sensitive and will detect 1 part ot chloroform in 5,000 
parts of alcohol. It is, however, not eoncinsivc, as it is also given by bromoform, 
iodoform, chloral, trichloracetic acid and other substances, that yield chloroform in 
the presence of alkali. 

In the case of reaction (2) a few drops of the product of hydrolysis is tested 
for the chloride radical with silver nitrate ; the remainder is then neutralized 
exactly, and heated with mercuric chloride solution. The formation of a 
precipitate of mercurous chloride and metallie mercury sliows the presence of a 

lormate. 


Test for impurities. Chloroform for ana-sthetic purpose must be of the 
lughest degree of purity. W hen shaken with water, the aqueou.s layer should 
«ot turn blue lit nuis red, nor should it give any cloudiness with silver nitrate. 
Further, it should not turn yellow when agitated for one hour with concentrated 
sulphuric acid ; if the colour change occurs, it shows the presence of aldehyde, 
uiethyl alcohol, etc. 


Storing of Chloroform- To avoid oxidation, (See Reaction 1 ) the follow- 
>ug precautions must be observed in storing chloroform for use as an 

(a) It is 'mixed with about 1 per cent of ethyl alcohol, which serves as a 

TctttrcJgf' 

(h) The bottles mast be filled almost to the stopper. This .serves to exclude 
air, 

(c) It is kept in the dark, or in bottles of amber colour. 


XJSGS. Chloroform is i^cd' 

1. a.s an aiuvstheti^, 

2 . as a preservative for animal 
tions, 

3. as a ilavouring agent to 
niedicines. 


or vegetable infusions or decoq- 
disguise the taste of nauseous 
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4. as a solvent for organic substances both in the laboratory and 
industry. 

Bromoform, CHBi’a. Bromoform is prepared in a similar 
manner to chloroform by the action of bromine on alcohol or ace- 
tone. It is a colourless sweet liquid, soluble in alcohol, but very 
slightly so in water. It boils at 151®. It is used in medicine for whoop- 
ing cough. 

Iodoform, CHIg. 

Preparation, (l) Iodoform is prepared both in the laboratory 
and on the commercial scale by warming a mixture of iodine, alcohol 
and sodium carbonate.^ 

C2H50H+4l2+3Na2C03— »CHl3+HC00Na+5NaI-f-2H20+C02 

£ xp t . 35. Preparation of I odoform — 

Ethyl alcohol or acetone, 5 gni. 

Sodium carbonate crystals, 20 gin. 

Iodine, 10 gni. 

Water 50 c.c. 

Dissolve the sodium ciirbonate and alcohol (or acetone) in water, and gradual- 
ly add the iodine to the solution. During the addition, the temperature is 
gradually raised to 80®, but not higher, since iodoform is readily hydrolysed. 
^Vhen the deep, brown colour of iodine lias disappeared, the liquid is allowed to 
cool and the cr 3 'stals of iodoform filtered. Thej’' are then washed with a little 
distilled water, and finally purified by reerj'stallization from alcohol. 

(2) A modern method of preparing iodoform consists in electro- 
lysing an aqueous-alcoholic solution of potassium iodide and 
carbonate. 

Properties. Iodoform crystallizes in lustrous, yellow, six-sided 
plates, having a strong characteristic smell, at 119®C. It sublimes 
readily, and is volatile at ordinary temperature. It is insoluble in 
water, but soluble in alcohol and ether. 

In its chemical behaviour, iodoform is similar to chloroform. It gives 
the carbylamine reaction, and is hydrolysed by caustic potash, yield- 
ing 2:)otasium iodide and potassium formate. On reduction with 
hydriodic acid and phosphorus, it gives methylene iodide, CH2I2. 

Use. Iodoform is much used in surger}^ as an antiseptic. 

101. Tetrahalogen Derivatives. 

Carbon tetrachloride, ietrachloromethane^ CCI4, is obtained on 
a commercial scale by the chlorination of carbon disulphide in the 
presence of anhydrous aluminium chloride, iron l5r iodine (which act 
as chlorine carriers) : 

CSg-hSClg CCIid^SaCla 

^ The mechanism of the reaction is assumed to be similar to that given in tlie 
case of chloroform. The intermediate compound iodul, CI3.CHO, and analogous to 
chloral, has not been isolated. 


HALOGEN DERI VAT I VES 


159 


/•Pipe for 

Circiilatinq 
Cl Hz CU 


Sec. 101.] 

Sulphur moiiochloricle (b.p. 138°), which is here obtained as a by- 
product, is separated by fractional distillation. The carbon tetra- 
chloride fraction is further purified by shaking with caustic soda 

^nd redistillation. Carbon tetrachloride is a colourless liquid boiliiiff 
at 76°, » ^ 

It is used on a large scale as a solvent, and in medicine as an 
anthelmintic. The use of carbon tetrachloride in putting out oil fires 
IS illustrated in the following experiment : — 

Expt. 36. Place some kerosene oil in a small dish, and set fire to it. Now 
pour a little carbon tetrachloride over the burning oil : the flame is at once 

extinguished. 

Acetylene tetrachloride, tetrackloro-etkane, Westron, C2H2CI4. 
This substance is prepared on a large 
scale by the direct combination of 
acetylene and chlorine. Since the 
combination between commercial^ ace- 
tylene and chlorine occurs with explo- 
sive violence (Expt. 31), it is carried 
put in the presence of a catalyst, when 

proceeds quite smoothly. In one of 
the processes a mixture of acetylene and 
chlorine in theoretical proportions i^ 
passed through a catalyst consisting of 
a mixture of iron turnings and an inert 
Material, such as kiesclguhr or broken 
quartz. The catalyst is placed in a 
steel tube cooled by a water jacket 
pig* 63). Acetylene tetrachloride is 
hept tricklin" constant! v down the 
tube. 

Acetylene tetrachloride is a heavy 
J'on-inflammable liquid. It is an excel- 
ient solvent for fats, oil resins and tarry substances. 

Uses* (1) The main use of acetylene tetrachloride is in the 
Manufacture of trichloro-cthylene or westrosol (Sec. 106) and other 
l^hlorine compounds. 

^ (2) It is used as a solvent for cellulose-acetate varnishes, fats and 

rubber. 

(^) It is also used as a paint remover and a degreaser for metals, 
textiles and other materials. 

(^) Another use of this substance is as an insecticide, e.g.» for white 

hy on tomato plants and fur-weevil in barley. 

* Pare ucctylc lie and cfilorinc combine together smoothly. 
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HALOGEN DERIVATIVES OF UNSATURATED 

HYDROCARBONS 


102. General- The unsaturated halogen compounds are derived 
from the unsaturated hydrocarbons by the ref)lacement of hydrogen by • 
one or more halogen atoms. They are divided into two distinct groups: 

(i) The unsaturated halogen compounds containing the halogen in the 
direct combination with a doubly (or triply) bound carbon atom; e.g., 

CH 2 =CHBr, Bromo-ethylene or vinyP- bromide ; 

CHBr^CH.CHg, 1-Bromopropene ; 

CH 2 =CBr.CH 3 , 2-Bromopropene. 

(ii) Those in which the halogen is attached to a singly hound carbon 


atom ; e.g.^ 

CH 2 =CH.CH 2 Br, 3-Bromopropene or allyl^ bromide. 

It should be carefully noted that while the halogen linked to a singly 
bound carbon atom, as in allyl bromide and the halogen derivatives 
of saturated hydrocarbons, is particularly adapted to double decom- 
positions, being replaceable by OH, CN, Nllg groups etc. (Sec. 97), 
the halogen atom directly linked to a doubly bound carbon atom as in 
vinyl bromide, lacks this reactivity almost entirely. Thus, alkalies do 
not conv^ert these compounds into alcohols nor ethoxides into ethers. 

Apart from the power to undergo double decomposition, the two 
classes of compounds show analogous behavdour. Thus, both classes ^ 
react with alcoholic potash, yielding acetylene hydrocarbons. They ■ 
also combine with dry magnesium in the presence of dry ether, form- 
ing Grignard’s reagents (next Chapter). Further, they combine with 
halogen acids to giv^e addition proclucts. In the addition of a halogen 
acid, the halogen at1^(*hes itself to the carbon atom that carries the 
least number of hydrogen atoms (Markownikoff’s rule, Sec. 85). 


103- ForrnRtioil* The halogen derivatives of unsaturatec 
hydrocarbons, unlike those of the paraffins, cannot be obtained by the 
direct action of halogens on the hydrocarbons, ovNung to the 
of additive products. They, may be obtained by three different 

methods : j i u i v 

(1) From an Unsaturated Alcohol, When an unsaturated alcohol is 

treated with a halogen acid or a phosphorus halide, we get the corres- 

pondinff unsaturated halogen derivatives : e.g., 

^ ^ PCI5 

CH2=CH.CH20H— ► CH2=CH.CH2C1 

Allyl alcohol AH yl chloride 

(2) From an Acetylene Hydrocarbons. When an acetylene hydro- 
carbon is treated with one molecular groportion of a halogen or a 

1 The inonovarcnt ethcneTesfduc, CH2=CH% aiul propene residue CHs^CU.- 

CH". aie termed and allyl respecUvely. 


i 


i 




» 
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halogen hydride, we get a halogen derivative of an ethylene livdro- 
carbon ; 

+ IIBr 

CH=CH CH2=:CHBr 

Vinyl Bromide 

+ HBr2 

Cri=CH — ► CHBr=CHBr 

1 : 2-Dibromo-ethyIene 

(3) From a Saturated Polyhalogen Derivative. When a polyhalo^en 
derivative of a saturated h3^drocarbon (obtained by the direct addition 
of a halogen to an unsaturated hydrocarbon or by the action of PCh or 
PBrg on an aldehj^de or ketone) is subjected to the moderated action of 
alcoholic potash, a partial removal of the halogen hydride occurs with 
fhe production of an unsaturated halogen derivative ; e.g., 

+ Br2 -HBr 

CH2=CH2 — CHaBr.CHgBr — ► CIIo=CHBr 

Ethylene Ethylene bromide Vinyl bromide 

+ Br2 -HBr -HBr 

ClfeCH — ^ CHBra.CHBrg -H- CHBr=CBr2 CBr=CBr 

Acetylene Acetylene tetra- Tribromo- Dibromo- 

bromide ethylene acetviene 

PCI5 N -HCl 

CII3CH2.CHO — » CH3.CH2CHCI2 CHg.CH^CHCl 

Propaldehyde 1 : l-Dichloro- Propane l-Chloro-propenc 
" PCI5 -HCl 

CH3.CO.CII3 CH3.CCI3.CH3 CH3.CC1=CH, 

Acetone 2 : 2-DicIiloro-propiine J-Cliloro-propene 

1 1 

The constitution of an unsaturated halogen derivative follows from 

Its method of production. 

104. Vinyl Halides, CH 2 =CIIX, 

Vinyl Chloride is gaseous at ordinary temperatures. It does 
not react with an aqueous solution of caustic alkalies nor with sodium 
ethoxide, etc. In the presence of sunlight and under the action of 
Catalysts, it pol^^merizes to give a solid material which is used' ifidus- 
trially as a plastic. 

Vinyl bromide is a liquid (b. p. ie®) with a pleasant ethereal 
odour. It resembles vinyl chloride in its general chemical behaviour, 
^nd pob'merizes to a white solid, insoluble in organic solvents. 

105. Allyl Iodide, This compound may be 

obtained from allyl alcohol, or-^ore readily from glycerol, hy the 
Action of HI or of iodine and phosphorus. In the case of glycerol, 
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the reaction is supposed to occur in two 'stages, a tri-iodide being first 
formed, which then loses iodine : 


CH2=CH.CH2l 

Allvl iodide 


P + I 2 -21 

CH2OH.CHOH.CH2OH — CH2I.CHI.CH2I 

Glycerol Glyceryl tri-iodide 

Allyl iodide is a colourless liqnid (b.p. 102°) having a characteristic, 
mustard-like odour. It is even more reactive than alkyl halides, and 
readily reacts with caustic alkalies, potassium cyanide, alcoholic 
ammonia, and wdth dry magnesium. On this account, it is frequently 
employed in organic synthesis for the introduction of the allyl group. 
Allyl chloride (b.p. 46°) and allyl bromide (b.p. 70°) are similar to 

allyl iodide. 

105 A. 'PTOY>^^EY^^^'^Om.iAe^PropargylBromide, CH^C.CHaBr. 

This is a pungent smelling liquid obtained from propargyl alcohol by 
the action of PBrg. It contains a true acetylenic function, as shown 
by its power to form metallic derivati%’e, such as CCu=C.CH 2 Br. 
That halogen atom is in union with a singly-linked carbon atom is 
shown by its capacity for double decomposition. 

106- Di- and Trihalogen Derivatives. 

Dichloro-ethylene or acetylene dichloride, 
obtained by the reduction of a(5etylene tetrachloride by means of zinc 

d ust and water : 

CHCl2.CHCl2+Zn — CHCl=CHCl-f ZnClg 
Dichloro-ethylene is the best known solvent for rubber, and is used 
as a substitute for ether in fat extraction. It is possible to ignite the 
hot vapour, but the flame soon puts itself out. 

Trichloro-ethylene, or Westrosol, CHC]=CCl 2 , is obtained by’ 
heatinsr, and stirring acetylene tetrachloride with milk of lime, 

CHCI 2 -HCi CHCl 

I! 


CHC1=CHC1, is 


CHCl 


CCl 


The product is submitted to steam-distillation, when trichloro- 
ethylene passes over. . 

Trichloro-ethylene is a heavy% non-inflammable liquid. It is em- 
nloved on a very large scale as a solvent for fats, waxes, resins, rubber 
and other organic substances, and for dry-cleaning. Its low' boihng- 
noint and small latent heat render its recovery easy; there is no “after 
smell ’’ and delicate materials can be handled without fear of over- 
iieatino* These facts together w ith its non-inflammable nature account 

for the"^ gradual displacement of other solvents by trichloro-ethylene. 

□ ■— 




jm 

I 


^Scc footnote (under Sec. 94A) on page 148. 
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QUESTIONS 

1. _ **The aliphatic halogen compounds are amongst the most reactive of al) 
Organic compounds/’ 

Illustrate the statement describing some of the reactions they undergo, and 
the uses to which they ard put in synthetic organic chemistry. 

{Punjab, Inter., 1929) 

2. How are methyl chloride and ethyl chloride prepared ? To what uses 
they put ? 

3. Describe in detail the preparation of ethyl bromide in the laboratory, 
^ame as many organic compounds as you can which could be prepared from ethyl 
bromide as the starting material. 

‘I. Two isomeric compounds having the composition CjUjCL are known. How 
are these compounds obtained, and how has their constitution been determined ? 

• {Ptwjab, Inter., 1931) 

5. Ho\\^are the following compounds prepared, and what arc tliey used for : 
(0 Ethj’lene bromide, (fi) carbon tetrachloride, and {Hi) acetylene tetrachloride? 

<1. Give tl^e preparation, tests and uses of chloroform. What precautions 
niust be observed in storing chloroform for use as an anaesthetic? {Punjab, Inter.) 

7. . How would y6u test for chloroform in the presence of iodoform ? 

{Punjab, B.Sc., 1933) 

8. Describe the preparation of iodoform. 

{Punjab, B.Sc., 1931. Part of Question) 
ft. How would you prepare iodoform ? Describe its properties and compare it 
"ith chloroform. ' {Punjab, Inter., 1914) 

10. An organic liquid containing 94*8 per cent of bromine and having a 
vapour density of 120 -5 gave a nauseating odour on being warmed with aniline 
^nd alcoholic potash. AVhat compound was it ? 

11. Into how many\ classes are the halogen derivatives of olefines divided? 
Ifi what important respects do the members of each group differ from one 

Another ? 

12. Give tho preparation of allyl iodide and its use in syntlietic organic 

chemistry ? 

ANSWER 

• # 

10. Brornofornl, CHBrg. 
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107. General. Alkyl halid es react on certain metals, yielding 

derivatives calli^t organo-metallic cotnpounds. The most important 
of the organo-metallic compounds are those of magnesium and zinc. 
The latter were discovered by Frankland in 1849, and have been of 
the greatest service in the oast in syntheric organic ‘chemistry. Their 
place has now been taken by magnesium alkyl halides, ^called the 
Grignard reagfftiis, which arc less troublesome to work with, give better 
yields and are of far more general utility. • * 

108. Grignard Reagents. It was shown "by *the French 
chemist Grignard, in 1903, that diy magnesium in the presence of 
dry ethef reacts* with numerous organic halogen compounds, yielding 
orgiino-magnesium halides of the type R.Mg.Br, which remain 
dissolved in the ether. He also found that the orgayo-magnesium 
halioes need uiot be isolated for synthetic purposes, since they could 
be . used directly in ethereal solution. They are colourless solids and, 
unTike Frankrand^s reagents, are not spontaneously inflammable in air. 

Though a Grignard reagent reacts as if it were simply a magnesium 
alkvhhaiide, there js.;no doubt that'it exists in combination with ether. 
In the ether molecule, there are two lone pairs of electrons on the 
oxygen atom,, one of which is usually effective, and is, in this case, 
donated to the magn'esium atom. The combination occurs bet^veen 
hvo ether molecules with a molecule of magnesium alkyl halide. The 
two lone pairs of electrons from the two ether molecules are donated 
to the magnesium atom (which has only four valency electron^), 
whereby the octet of the latter is completed : — . * 

C 2 H 5 .O.C 2 H 5 . \ 


R _ Mg — I -h 2 C2H5 . 0 . C2H5 — > 


I 


R— Mg — 1 


Maijncsium 


EthvI ether 


alkyl hajide 


T 


CjlIs-O.CjHs 

The Addition compound 


% 


it 


>lio 


Anisole (phenyl methyl ether, C^Hs.O.CHs), and dimethyl aniline, 
(’ 6 H 5 .N(CH 3 ) 2 . may also be used in the Grignard reaction irf place of 
The co-ordination of the first compound with magnesium 
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# 










n throuirl, the lone pair of electrons on the oxv-en 

atom ex.ietiv as in tliethyl ether. In the case of the latter eompoimd 
shown'below ‘ 1>“"’ o*' ‘I'e nitn-cn alum, as 


% ^ 


108 A 


t,,ll 5 .N((Il 3)2 

U_Mg_I 

t 


f .agent is forme.rwith cletd^^^me'fo^n.rh^ifrhSo^^^^^ 
of an aliphatic or aromatic hydrocarbon (1 mol.) is added to 


iL. 
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magnesium (1 gram-atom) in the presence of pure dry ether. The 
metal gradually disappears, and on evaporating the solution, colourless, 
^hygroscopic crystals separate out. These consist of a Grignard 
reagent in combination with two molecules of ether. 

lor use in various syntheses, it is, howover, not necessary to isolate 
the crystalline compound. Hence, in actual practice, an ethereal 
solution of the Grignard reagent is prepared and used as such. 

Expt* 37. Prcparo-lioft of diethyl Iodide, In tliis preparation, 

tlie reagents used must be thoTouyhly dry, iVIagnesiuni, in the form of powder is 
dried in an oven at 110-120® for 8 hours. Methyl iodide is allowed to stand for 
some time over fused calcium chloride and then redistilled. The ether is purified 
by shaking several times with small amounts of water in order to remove alcohol, 
und then dried by letting it stand successively over freshly fused calcium 
chloride and metallic sodium, and finally distilled eWer phosphorus pentoxide. 

In a clean, dry round- bat tom flask of 250 c.c. capacity, provided with a reflux 
condenser and a dropping funnel (both previously dried) place 3 grams of dry 
magnesium powder and cover this with 50 c.c, of dry ether. Set up the apparatus 
on a cold water bath, fit the upper end of the condenser with a calcium chloride 
tube, and place in the dropping funnel a solution of 8 c.c. of dry methyl iodide 
in dry ethpr. Let a few drof)s of the solution fall into the flask. If the'reaction 
does not set in spontaneously within 5 minutes, a flake of iodine is added and the 
llask gently warmed. Once the reaction lins begun, it is only necessary to 
continue the addition of methyl iodide solution at such a rate that the reaction 
does not become too violent. When all the methyl iodide solution has been 
added, the mixture is heated on the water bath,' until the magne^um has 4 
completely disappeared. 

108 B. Reactions and Synthetic Uses of Grignard 

Reagents. Grignard reagents have attained a position in synthetic 
organfe chemistry unrivalled by any other class of compounds. With 
the aid of these reagents, it is possible to synthesize a large variety of 
organic substances. The reactions of Grignard reagents nia\’' be 
divided into three groups: (1) double decompositions, (2) addition 
reactions, and (3) reactions involving both double decomposition and 
addition. In studying these reactions, it may be remembered : 

(a) that magnesium has a great affinity for oxygen and other electro- 
negativv atoms and groups^ and ^ 

{b) that the bond between magnesium and carbon is readily broken. 


(1) Double decompositions. These involve the removal of the 
electropositive group, — MgBr, of the Grignard reagent together with ... 
the electronegative part of the reacting molecule, the remaining parts 
of the two molecules combining together to give a new product. The i 
following are the important examples of reactions of this class : — $ 


(i) Reaction with 
1 1 is unde rgo 




Compounds containing Active Hydrogen. Grignard 
double decomposition with certain compounds 


t 


K, ■ 


4 
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containing active hydrogen, alcohols, thio-alcohols, primary 

and secoiulary amines, etc., yielding hydrocarbons. 

C.H5 MgBr 


+Hi.OH. 

r 



CgHji]! 

4-H iOC.Hs 


C2H5+Mg<Qy 

C2Hg+Mg<Q^^jj 

Br 


C2H6+Mg<NHC„H 


CaHjMgBr 

+H;NHC2H6 

The action of a Grignard reagent {e.g,, methyl magnesium iodiile 
or ethyl magnesium bromide) on compounds containing active 
hydrogen is employed for the detection and estimotiofi of such sub- 
stances. In the latter case, the volume of methane or ethane evolved 

is measured. 

(u) Reaction with Halogen Compounds. Alkyl halides and acid 
chlorides react with Grignard reagents, yielding hydrocarbons anrl 
ketones respectively l _^^g 

C6H5.CH3+Mg< 

Toluene 



CfiHg IVi 

+CH3iI 


Br 

I 


+ Mg < 


Br 

Cl 


CjHgMgBr CaH5.CO.CH2 

-j-CHsCO Cl • Methyl ethyl ketone 

Halides of certain metals and non-metals {e.g., Hg, Si, Sn, Pb, et^^) 
give rise to the alkyls of these elements ; e.g., 

SiCb+'f ^2H5MgBr — Si(C2H5)4 -j-4MgCIBr 

Silicon tetraethyl 

2PbCla+4CaH5MgBr — ► P^CaHs)^ +Pb 4 - 4 MgClBr 

Lead tetraethyl 

In the case of lead, there occurs an increase of valency with the 
liberation of one-half of lead. 

{Hi) Reaction with Ethyl Orthoformate. Ethyl orthofonnate ex- 
changes one etiioxy group for the alkyl radical of the reagent. 
The product is decomposed By water or a dilute acid, yielding an 

aldehyde : 

/OC3H5 ^ 

HC(-OC.H'+RMgB'- 


/ 


R 


O CjHj 

lithyl ortho- 
formate 


> HC'-OCaHg-i-P.HsO.MgBr 
^OCoH. 


Grignard 

reagent 


HCC OCaHs+HjO 

2**6 


^OC.II 


R.CHO+2CJH50H 

Aldehyde 
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(2) Addition Reactions. Grignard reagents have a great tendency 
to directly combine with oxygen, sulphur, and compounds containing 
unsaturated groups to give addition products, which are readily 
decomposed by dilute hydrochloric acid, giving alcohols and other 
compounds ; — 

(i) Oxygen gives alcohols and phenols : 

^Oa+RMgBr — ^ O 

c ROMgBr+HCl— ► ROH +MgBrCl 

i - . Alcohol 

(fi) Sulphur gives thio' alcohols, RSH : 

R 


MgBr 


>C=0 + RMgBr ^ >C< 


S+RMgBr-.S< 

RSMgBr+HCl— V RSH+MgBrCl 

* ' .i 

(in’) Aldehydes and ketones give alcohols : 

R R 

OMgBr •— *- >C<Qjj +MgBrCI 

Addition compound • Alcohol 

By this means, formaldehyde, H2C=0, yields a primary alcoiiol, 
R.CHgOH, other aldehydes gives secondary, alcohols, RgCHOH, while 
ketones give tertiary alcohol, R3COH. 

The reaction with formaldehyde may be used for ascending a 
homologous series, i,e., preparing a higher alcohol from a lower 


homologue : 

C2H5OH 
Ethvl alcohol 


HBr 


CoH.Br 


Mg 


CJ-IsMgBr 



HjCO 


“2'^^ OMgBr 


HCI 


CjHj.CHjOH 
Propyl alcohol. 

Ethylene oxide reacts like formaldehyde, tlie final product 
being a ^:>mwar2/ alcohol : ^ 

HoC V +RMgBr HgCR HCI 

I \o I R.CH2.CH.OH. 

IlaC/ . HgCOMgBr 

This reaction helps up in ascending a series two steps at a time, 

(f) Carbon dioxide gives a carboxylic acid : 


-l-RMgBr T> +HC1 

0=C=0 — ^“^^OMgBr 

Carbon dioxide Addition compound 

riiis reaction also lengthens the carbon-chain. 


O 

on 

Carboxylic acid 


RC« 
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{vi) Similarly, carbon disulphide gives a dithio-carboxylic acid • 


-fCaHsMgBr 

S_C_S S_C<-“S„-,C.H.C,3., 


CjH 

SMgBr '‘'2**5 

Dithiopropionic* acid 


(vii) An acid nitrile yields a ketone ; e,g.j 

R 

N.MgBr 

Addition compound 


CHgC—N -f RMgBr — 


Acetonitrile Grignard reagent 


JJ gj. +2H20 


OH 


^“=>Cp+NH3+Mg<^; 


(3) Reactions involving both Double Decomposition and Addi- 
tion. In these cases, two molecules of the Grignard reagent are used 
lip, one for double decomposition and the other for addition. The 
following are the more important examples of such reactions : — 

t 

(t) An ester (other than a formate) yields a tertiary alcohol^ in which 
one of the alkyl groups is derived from the acid component of the 
ester and two from the Grignard reagent. 






OCJIs+BrMgR 

+RHgBr 

Ethyl acetate Grignard reagent 
(an ester) (2 molecules) 

R * 

-f HCl - 


CHg.c: R 


\ 


/ 


CHa.C^ll 
* \ 


„+C 2 H 50 MgBr 
OMgBr 
Intermediate 
compound 

R 

+CI.Mg.Br 
OH 

Tertiary alcohol 


s-C^R 


OMgBr 

Formic esters lead to the formation of secondary alcohols. 

(u) An acid chloride reacts in the same manner as an csler, the 
final product, is a tertiary alcohol : — 

Cl -i-J5rr 



CIIs.c/ 

+ RMgBr 

Acetyl chloride Grignard reagent 

(2 molecules) 

R 


CHa.C^R 


\ 


CIR.C^R 


\ 


+irci 


OMgBr 


+ Cl.Mg.Br 

OMgBr 
Intermediate 
compound 

CIIa.C^R +Cl.Mg.Br 

^OII 

Tertiary alcohol 
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IS 


CHa.C^OMgBr +RH 

NT? 


+NH3+2Mg<®Jj 


{Hi) an amide gives a ketone in which one of the alkyl groups 
derived from the amide and the other from the Grignard reagent 

.NHiH + RiMgBr v NHMgBr 

CH 3 .C/ —V CH 3 .Cf 

+RMgBr ^R 

Acetamide Intermediate compound 

/NHMgBr 3H.OH >OH 

CHg.C^OMgBr — ^ CHg.CfOH 
^R ^R 

Unstable dihvdroxv 
compound 

/OH -H.0 

CHg.C^OH — ; CH3.CO.R 

Ketone 

109. Zinc Alkyls.. As already mentioned, zinc alkyls were 
discovered by Frankland in 1849. A typical example of this class of 
compounds is zinc ethyl, the preparation and properties of which are 
described below. 


CaHgZnl 


Zinc Di-ethyl, Zn(C 2 H 5 ) 2 , is prepared by heating zinc filings with 
ethyl iodide in an atmosphere of carbon dioxide. The reaction 
proceeds in two stages : the first product is a colourless solid (zinc 
ethyl iodide), 

Zn + CgHJ 

on raising the temperature, zinc di-ethvl is formed 

C^Hs.Znl 
-|-C2H5ZnI 

Properties, Zinc di-ethyl is a colourless liquid, boiling at 118°. It is 
spontaneously inflammable in air, and burns with a bright flame 
and a characteristic greenish colour, which gives off zinc oxide funies. 

The reactions of zinc di-ethyl are as follows : — 

( 1 ) It is readily decomposed by water, alcohol, and other compounds 
containing a hydroxyl group, ethane being produced. 


(C2H5)2Zn4-Znl2 


Zn 




CaHs+HiOH 


\|c,H3-i-hIoh 


2C2H0“|-Zn(OH)2 


Zn(C 2 H 5)2 4- 2 C 2 H 5 OH — ► 2 C 2 He 4 Zn (OC 2 H 5)2 
( 2 ) It reacts with almost all halogen compounds, whether organic^ 
Qj» inorganic. Thus, with an alkyl halzde, a hydrocarbon is produced 

!ck + ch;:! 

2C,H5.CH3-fZnl2 

_J_ r'TJ :J 

2**6 


Zn/ 

\iC,H 3 + CH 


I 


-t- 
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With an acid chloride, an additive product is formed, wiiieli 
being decomposed with water, yields a ketone; e.g,, 


on 


CHo.Cf 

\ci 

Acetyl chloride 

OZnCJI 


+ Zn 


/C 2 H 5 


\ 


CoH 


2 


/OZnCoHs 

CH,.C^C2H, 

\C1 

Addition compound 


CHs.C^Cjis'^^^+HaO 

\C1 


CH3,CO.C2H5-}-C2Hg 4~Zn(OH)Cl 

Methyl-ethyl 

ketone 


When zinc di-ethyl is treated with chlorides of certain metals and 
non-metals, the ethyl group is transferred from zinc to the other 
element ; e.g.^ 

W>Zn + cgilg— » Hg(CjH5)2 +ZnCl, 

'^ 2^5 i Mercuric ethvl 

2Zn(C2H5)2-rSnCl4 — ^ Sn{C2H5)4 -i-2ZnCl2 

Silicon etliyl 

110. Lead Tetra-ethyl, Pb(C 2 lT 5 ) 4 . Besides magnesium and 
zinc, certain other metals form alkyl compounds. The most impor- 
tant of these is lead tetra-ethyl, which is prepared from ethyl magne- 
sium bromide as given on page 167. It is an essential consitituent of 
anti-knock fuels, capable of burning smoothly under high compression, 
(see foot-note, page 131). 

QUESTIONS 


1 . Give a general account of the organo-metalUc compounds. In what ways 

have they been used in organic synthesis ? {Punjab, B.Sc,, Hons., 192V) 

2. Give the preparation and synthetic uses of Grignurd reagents. 

{Punjab, B.Sc., lions., 1927 ; 1931 

3. How is magnesium ethyl bromide prepared in ethereal solntion ? Give 
equations to illustrate the use of this compound in the formation of fa) hydro- 
carbon, (&) a carboxylic acid, (c) a secondary alcohol, and {d) an alkyl derivative 

of a metal, {Pimjab, B.Sc., 1934) 

4. 0*1140 gm. of a tbio-alcohol, RSII, On being added to an excess of an 
ethereal solution of ethyl magnesium bromide, caused the evolution of4-l,-5c.c. 
of ethane measured at 20® and^735 mm. Calculate the molecular weight of the 
thio-alcohol. 

6. 0*4328 gm. of a mixture of ethyl alqohol and ether when treated with an 
excess of methyl magnesium iodide gave 48*33 c.c. of methane measured at 20® 
and 735 mm. Calculate the percentage of alcohol in the mi.vtiire. 

0. Give the [»reparatiori and synthetic uses of zinc alkyls. 

7. Write an essay on organo-metallic compounds and their Applications. 

{Wunjab, B.Sc., 1941) 

ANSWERS I 
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V GrGI 16 r 9 ;l. Monohydrfc alcohols are derived from 5i(inKQftr. 

hydrocrbpn, by dh, repkc.B®,. of . hyd,o,b„To„ itt '-l 

££“0.°"*’ possesses the general /omw/a, or 

* 

Classification. Monohydrie alcohols are divided into three 
classes, primary, secondary and tertiary, according as they contain the 

group — CHoOH, >CHOH, or ^COH. The three classes are dis- 
tinguished from one another by (t) behaviour on oxidation, (ii) be- 
haviour towards hot, reduced copper, and (in) behaviour of the 

corresponding nitro-paraffins towards nitrous acid (see Sec. 115), 

Nomenclature. Alcohols are usually named after the alkyl 

1 The Geneva names are derived from those 

^ 4-u ^ hydrocarbons by changing the terminal -e into ~oL A third 

regarding them as derivatives of methvi alcohol, 
t^rlsUJl, or carbinol as it is termed in this connection 

CH3.CH2OH 

mpth^nf ff. , ( Ethyl alcohol, ethanol, 

methanol, or carbinol ' or methyl carbinol 

CH2=CH.CH20H 

Allyl alcohol, 1-propenc S-ol, or vinyl carbinol. 

Isonierisni. The structural isomerism among alcohols be 
due -o (a) differences in the linking of carbon chain, (ii) the din^nce 
in position of the hydroxyl group in the molecule, or (Hi) both these 

at the same time. An alcohol which is derived from a normal 
hydrocarbon is termed a normal alcohol. 

Methyl and ethyl alcohols occur only in one form. There are two 
propyl alcohols, one primary and the other secondarv. 

(1) CH3.CH2.CH3OH (2) CH3.CH(0II).CH3 

Normal propyl alcohol Isopropyl alcohol, 2-propnnol 

1 -propanol, or ethyl carbinol or dimethvl-carbinol 

and four butyl alcohols, two derived from normal butane (1 and 2^ 
and two from isobutane (3 and 4), ^ 
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( 1 ) CH 3 .CIl 5 .CH 2 .CII 2 .OH 

Normal primary butyl alcohol 
1 •Butanol, or propyl carbinol 

CH3. 

(3) >CH.CH,OH 

CH3/ 

Isobutyl alcohol, 2-methyl-3- 
\ propanol, or isopropyl carbinol 


(2) CIl3.CH2.CH(OII).CH3 

Normal secondary butyl alcohol 
2-Butanol, or methyl ethyl carbinol 

Cllax 

(4) CH 3 >C.OH 

CH3/ 

Tertiary butyl alcohol 
or trimethyl carbinol. 


SATURATED MONOHYDRIC ALCOHOLS 
112. Methods of Formation. Monohydric alcohols derived 

from saturated hydrocarbons can be obtained by the following general 
methods : — 


{^YBy Hydrolysis of Alkyl Halides, When an alkyl halide is brought 
into contact with silver hydroxide or boiled with an aqueous solution 
of an alkali hydroxide, it is converted into alcohol : 

C2H5Br+ AgOH C^HsOH+AgBr 

Since the alkyl halides can be/ obtained from paraffin hydrocarbons 
by -substitution, and also from the olefines by the addition of a 
halogen acid, the aliphatic alcohols may be. indirectly produced from 
these hydrocarbons. In the case of olefines, the addition of the 
halogen acid alw ays occurs in such a manner that the halogen atom 
gets attached to that carbon atom which carries the smaller number 
of hydrogen atoms (Sec. 85). Hence, if we start with an olefine 

(other than ethylene), we get a secondary or a tertiary alcohol : — 

-fill AgOH 


CH,.C‘H=CH 


CH3 

CIL 


>C==CH 


C1I3.CHLCH3 — ► cii3.crr(oii).cii3 

Secondary alcohol 

CH3. CH3 „ CH3 

CH,^ ^ >C<r^ 




CH3; -OH 

Tertiary alcohol 


(2) By Hydrolysis of Esters, When an ester is boiled with an alkali, 
it is hydrolysed to give an alcohol; — 

CIIgt OOCaHs+KOPI C2H5OH -fCHgCOOK 

Ethyl acetate Ethyl alcohol 

The method is chielly employed for preparing certain higher alcohols 
present in ethereal oils and waxes occurring in nature. The preparation 
of glycerol irom fats and oils is another important example. 

An indirect application of this method is based on the fact that 

alkyl halides, when heated wkh silver acetate or potassium acetate 

give rise to alkyl acetates. These latter, on being boiled w'ith alkali 
solutions, form alcohols ; — 

CgHJ-hCHgCOOAg ^ CIIgCOOGoH.+Agr 
CHaCOOCjH^-i-KOH ^ C2I4OH+CH3.COOK 
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This method is much used in the preparation of higher alcohols since 

the higher alkyl halides (e.g., hexyl chloride), on direct treatment with 
alkalies, give rise mainly to olefines, 

CH3.(CH2)3.CH5,.C1I2C1 +KOH — ^ CH 3 . (€ 112 ) 3 . CH = CH 2 + KC1+ HjO, 

the yield of alcohol being very small. 

Another application ot the same method consists in dissolvino*' an 

olefine hydrocarbon in concentrated sulphuric acid and boiling the 
solution with water. Thus : ® 

C2H4+H2SO4 C2H5.HSO4 
C2H5.HSO44-H2O — ► C2H5.OH-I-H2SO4 

(3) By Reduction of Aldehydes and Ketones, Aldehydes and ketones, 
on reduction with nascent hydrogen (sodium amalgam and very dilute 
sulphuric acid), gi've primary and secondary alcohols respectively i — 

CH 3 .CHO -j- 2 H — ► CH 3 .CH 2 OH 

Acetaldehyde Ethyl alcohol 


CH3,C0.CH3+2H 

Acetone 


CH3.CH{0II),CH3 

Isopropyl alcohol 


(4) By Reduction of Acid Chlorides or Anhydrides. These lp^n- 
pounds on being reduced by means of sodium amalgam and very 
dilute sulphuric acid, give primary alcohols ; e.g., 

CH 3 COCI + 4H CH 3 CH 2 OH + HCl 

Acetylchloride Ethyl alcohol 

(5) By Action of Nitrous Acid on Primary Amines, When a primary 
amine is treated with nitrous acid (NaNOg-l-HCl), the NHo group gets 

replaced by an OH group, and an alcohol is produced. Thus ethyl- 
amine gives ethyl alcohol : — 

CgHsNjH; C2H5OH+N2+H.O 

+ NiO OH 

( 6 ) By Cleans of Grignard s Rer^ents. Grignard’s reagents combine 
with aldehydes, ketones, ethylene oxide, esters and acid chlorides, 
giving addition products, which, on treatment with a dilute mineral 
acid, yield primary, secondary and tertiary alcohols (Sec. 108). They 
also absorb oxygen and the product when decomposed with water or 
a dilute acid yields an alcohol (Sec. 108). % • 

(7) By the fermentation of certain carbemydrates ; e.g., 

^•6^12^6 ^ 2C2H5OH -f'2C02 ^ 

Glucose Ethyl alcohol 

This method, though not very general, is. of great commercial 
importance. 

113 . Conversion* of Primary into Secondar^a^v. 
Tertiary Alcohols. This is effected through an olefine hydro- 
carbon, which is then made to combine with hydriodic acid or fuming 
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sulphuric acid, the acidic group in either case attaching itself to 
the less hydrogenated carbon atom (Markownikoff’s rule Sec. 83). The 
resulting ester is then hydrolysed, in the first case, by boiling with an 
Vi aqueous solution of caustic soda, and in the second, by diluting with 
water and boiling. Thus, propyl alcohol may be converted into isopro.- 
pyl alcohol as shown below : 

CH 3 .CH 2 .CH 2 .OH CHg.CH-CHg+HaO 

Propyl alcohol Propj^ene 


s. 







+H2SO4 /-■« 

CH3CH=CH2 — ^y3>CH.HS04 

Isopropyl hydrogen 
sulphate 


H.OHpxT 

Isopropyl 
alcohol 


Similarly, a primary alcohol, such as isopropyl carbinol, may be 
converted into a tertiary alcohol : j|l 

CH. . CH ^ 


^|J3>CH.CH20H 

opropyl carbinol 


CH 


3 >C=CH 



Unisym metrical 
dimethyl-ethylene 

CH3 f, CH3 

Trimethyl methyl iodide 


t^H3 p CII3 

CH3> <OH 

Trirnetliyl carbinol 


114. Properties. Physical. Most of the alcohols derived from 

hydrocarbons up to 0^2 are colourless liquids at ordinary temperatures. 
Trimethyl carbinol, (CHalgCOH, and the higher members {e.g., cetyl 
alcohol, C16H33.OH, and melissyl alcohol, CaoH^.OH, which occur as 
palmitates in spermaceti and beeswax respectively) are solids. The 
lower members possess a characteristic alcoholic smell and taste, the 
intermediate ones have an unpleasant odour, while the higher homolo- 
gues are tasteless and odourless. 

In most of the organic solvents, tire alcohols are miscible in ail pro- 
portions. The first three members are soluble in water, but with the 
higher members the solubility rapidly decreases. Thus amyl alco- 
hols are only sparingly soluble in water. The solvent power of 
alcohols for inorganic seJi^ also decreases with the increasing num- 
ber of carbon atoms. *Th|P^ill be clear from the following table, in 
which number of grams of each salt dissolved by 100 grams of the 
alcohol at 25° are given : _ 


Sait 

\Vater 

Methanol 

' Ethanol 

4 



1 Propanol 

KCI 

39*9 


n22 

^ 0*004 

KPr 

07*7 

2*17 

0*142 

0*035 

Kl 

1483 

18*04 j 

2*16 

0*43 
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For alcohols of similar structure, the boiling point rises regularly 
with the increasing molecular weight, there being a rise of about 20° 
for each increment of one carbon atom. Among isomeric alcohols, 
the boiling-point decreases with a shifting of the hydroxyl group ^ 
towards the centre of the chain, shifting of this group by onG carbon ^ 
atom towards the centre causing a decrease of about 15 °. Primary 
alcohols, therefore, boil at higher temperature than the corresponding 
secondary alcohols, and the latter at higher temperatures than the 
corresponding tertiary compounds (See under propyl alcohols and butyl 
alcohols). The specific gravity increases with the rising molecular 
weight, but is in all cases less than one. 


Chemical. The reactions of an alcohol inv'olve the hydroxyl group 
present in the molecule, and may be divided into the following two 
groups A 

(1) Reactions invoking only ihe Hydroxyl Group : 

(i) The hj^drogen of the hydroxyl group in an alcohol is replaceable 
by metals such as sodium and potassium ; e.g., 

2C2H5OH +2Na 2C2H50Na d-H, A 

Ethyl alcckhol Sodium ethoxide 

Hi) The alcohols also react with Grignard’s reagents, the hydrogen 
of the hydroxyl group going to the alkyl group of a Grignard reagent 
with the production of a hydrocarbon (see Sec. 108 ). 

{Hi) When an alcohol is treated with phosphorus pentachloridCy the 
hydroxyl group is replaced by chlorine : 

CoHgOH + PCI5 — > C2H5CI -fPOClgd- HCl 

(iv) Being basic in nature, alcohols react with acids^, yielding 
esters : 


CH3COO H+HO. 

# 


CH3C00C2H5+H2O 

Ethyl alcohol 


Expt. 38. Take a few drops each of ethyl alcohol and glacial acetic acid in 
a tube, add a small quantity of concentrated sulphuric acid, and warm the 
mixture .* pleasant fruity odour. 

(t;) In the presence of concentrated sulptiuric acid, two molecules of 
an alcohol combine together, with the eliuaiHlation of water, ether being 

produced ; e.g., * 

-HjO 

C2H50H+H0;'C2H5 CaHs.O.CoHg 

Diethyl ether 

(2) Reactions involvin^he Hydroxyl Group and Another Part of the 
Molecule {^Uramolecula^'cactions) : — 

* Esters are also formed with acid chlorides and anhydrides (q. v.). 


( 



1 


li 


a 
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(i) AVhen licated strongly with an excess of cAicentrated sulphuric 
acid, an alcohol yields an olefine hydrocarbon • e a 

-H,0 • 

H,CH2.CH2.;0H — ^ CH2 =CHj 

Etii j 1 aicoiidl l^tlivlene 

(ii) Oxidation. On oxidation, primary alcohols give “at first aide 

nydes and then acids containing the same number of carbon atom'.! 
the original alcohols ; e.g,^ ‘ 

-2H -fO 

CHj.CHjOH -4- CH 3 .CHO CH 3 COOH 

Ethyl alcohol Acetaldehyde Acetic acid 

Secondary alcohols give ketones containing ‘the same number of 
carbon atoms : — 

CH (’TT 

™;>CHOII 

Isopropyl alcohol Acetone 

alcohols, since they contain no hydrogen Iciirectlv linlcf*d tn 
tpi^ydroxyl-bearing carbon atom, do not rLdily undergo oxidation 
prolonged treatment with strong oxidizing i^rents, their molecule.s 
break up, yielding ketones and carbo.xylie acids, each containing a 
smaller number of carbon atoms than the alcohol itself Thus ?r' 

methyl carbinol (CH 3 ) 3 C.OH yields, on vigorous oxidation, acetonT 

®cetic acid, and carbonic acid : — ’ 

* * 

>ci<gS^+.to 


C 1 I 3 


ClI 


t 


rpr 

^ ^ -f* CO 2 d- 21-120 

3 


CH 3 ic^ CHg , go 
CHa^ir^oii 
i T 


OH 


> CH 3 .C <2 +2CO2+3II2O 

/Veetic acid 


^ tiuiu ^ 

In these reactions, an oxygen atom enters the molecule of a tertiary 
alcohol, attaching itself to the carbon atom carrying the hydroxyl 
group and driving out from the molecule either (a) gne alkyl and one 
hydroxyl group, or (If) two alkyl groups. 

I (ni) Action of Hoi, Red^d Copper. Wlien the v^apour of an alco- 
hol is passed over reduceJ^^opper heated at 300'*, different products 
are obtained according to the nature of the alcohol. If it be primary 
it yields an aldehyde and hydrogen, • 

CH^.CHjOrr^CHa.CHO + Ha, \ 
if secondary, a ketone and hvdrogen, 

(CH3)2CH0H (CII3)2 ( Hg, 
and if tertiary, an olefine and water, 

CH 


CH 
CII 3 


3>C(0H).CH3 —V ^J^j^>C=CH2+H20. 

3 3 
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115. Distinction between Primary, Secondary and 
Tertiary Alcohol^ • 

(1) Behaviour on Oxidation, See Sec. 114. 

(2) Action of Hot Reduced Copper. See above. 

(3) Victor Meyer’s Method. An indirect method of distinguishing 
betweeii a primary, a secondary and a tertiary alcohol is first to con- 
vert it into the corresponding nitroparaffinhy successive treatment with 
HI and AgNOg. The nitroparaflfin is then dissolved in KOH solution, 
sodium nitrite is added, the solution is acidified with dilute sulphuric 
acid, and then again niade alkaline. The production of a blood-red 
coloration shows it to pe a primary, a blue coloration a secondary, and 
no coloration a tertiary alcohol. 

The distinction is jbascd on the different behavdour • of- the corres- 
ponding nitroparaffit^towards nitrous acid : 

The primary nitroparafhns react with nitrous acid, yielding nitrolic 
acids, which dissolve in alkalies to give dark-red solutions : 


RC HaNOti 


+ 0 :NOH 


RC.NO2 

II 

NOH 


KOH 


RC.NO 

II 

NOK 




a nitrolic acid 


jjotassium salt 
(dark -red). 


The secondary nitroparaffins react with nitrous acid, yielding 
coloured nitro-nitroso compounds called, pseudonitrols : 


bl 




e- 


RoCH NO 


RX.NO 


4. HOiNO 



+ H2O 


NO 

a pseudo-nitrol 

The tertiary nitroparaffins, since they contain no hydrogen directly 
linked to the carbon carrying the nitro group, do not. react with 
nitrous acid. 


(4) The Steric Influence of the Alkyl GroUps on the Reactivity of the 
Hydroxyl Group, ^hen 1 gram-molecule each of a primary, a 


secondary and a tertiary alcohol is separately heated with 1 gram- 


iQ a ^ 

molecule of a^tic acid under similar conditions, the rate at which 

dtenrs and therefore the amount of the ester produced 


estcrificati' 


i(4 

is the gr(^est in th^fcase of the primary and the least in that of 
the tertian?? alcohol. If we assume the rate of esterification of methyl 
alcohol to be 100, the rates for a few others are : — 


I 


iis 

jlo 

f®v. 

]ter 

■tar 
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n 



H— C— II 


CII 


H— c— n 


CH 


err 


H— c— cn. 


CH,— C— CH 


OH 

Carbinol 
100 


OH OH OH 

Methyl carbinol Dimethyl carbinol Triniethyl carbinol 
^45* 7 5*4 V*4 

The highest rate of esterification in the case of nietliyl ' alcohol is in 

accord with the fact that there is no alkyl grouj) in union with the 

t'arbon atom carrying the hydroxjd group. 

116. Methyl Alcohol, Methanol or Wood Spirit, CH 3 OH. 

Occurrence* Methyl alcohol occurs in the form of methyl esters 
in the essential oils of many plants, c.g,. as methyl salicylate in oil of 
'^'intergreen {Gaulikcrici as methyl benzoate- in oil of 

<^loves, and as methyl ester of anthranilic acid in oil of orange flowers. 

Manufacture " Methyl alcohol is manufactured by two different 
h^othods : — 

(1) By Destructive Distillation of Wodd. The distillation of wood is 
Usually carried out in large, horizontal retorts made of boiler plate 
(^’ig. 04). The wood, after being cut into pieces of suitable size. 


JtOOO-OAS 

t 


(T/fff- C/Uffi 

CO NJ AIMING WOOD 
TO B£ DISTILLED^ 



Fi". 04 . Plant for the Distillation of Wood, 
is put into wire-work cars mounted on wheels, which can be rolled 
in or out of the retorts as desired. The heating is effected tw means of. 
wood gas obtained during the process. A.s soon as the distillate begin.s 
to flow from the mouth of the condenser, the 4lre is turned low, as 
overheating causes a loss of volatile matter. Towards the end, the 
temperature is raised ipiite i*api<-tly in order to driv’c out tlic heavy 
tars. The products of distillation are (/) wood gas, consisting mainly 
of CO, Cri 4 and Hj, (H) an aqueous layer known as pyroligneous 
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acid, which, in addition to a large proportion of water, contains 
acetic acid, acetone and methyl alcohol, and {in) wood tar. The 
residue consists of charcoal, which is removed at the end of the opera- 
tion when still hot, thus, saving the heat of the brick- work for the 
next charge. 

The pyroligneous acid, which forms the upper layer, is run off from 
the wood tar, and distilled. The vapours are passed through hot milk 
of lime, which retains acetic acid as calcium acetate, while the methyl 
alcohol, acetone and water pass on. 

The distillate, alter being dehydrated with quicklime, is fractionated 
to obtain crude acetone (b.p. 56°) and crude methyl alcohol (b.p. 65°). 

Tlie crude methyl alcoliol, obtained as above, is diluted with water in order 
to throw out of solution the oily impurities, which collect at the surface, and are 
run off. The aqueous layer, which still contains acetone and other impurities, is. 
mixed with powdered anhydrous calcium chloride, whereby a crystalline com- 
pound of the composition CaClg.-lCH^OH, separates out. This is gently heated to 
drive off acetone and is then decomposed by distillation with water. The distil- 
late is finally dehydrated by repeated treatment with quicklime, and is then 
redistilled. The product thus obtained still contains traces of acetone and other 
imuprities. (For further purification, see below). 

(2) From. Water Gas (Patart Process). Since 1923, large quantities 
of methyl alcohol are being produced synthetically. The process 
consists in passing a mixture of water gas (CO-f-Hg) and hydrogen, 
purified, from arsenic, sulphur and phosphorus compounds, under a 
high pressure (300 to 500 atoms), over a catalyst, consisting of a mix- 
ture of zinc oxide and chromium oxide, heated to about 400°C : — 

C 0 -f 2 H 2 =^CH 30 H. 

The reaction gases are cooled to condense out the methyl alcohol, 
and the remainder recirculated over the catalyst. 

Purification. Pure methvl alcohol is best obt lined from the commercial 


product by heating it with anhydrous oxalic acid (prepared by heating oxalic aeid 
crystals at 100*). On allowing the liquid to cool, di-methyl oxalate separates 
out as crystals. These are well drained on a filter-pump, washed with a little 
water, and then hydrolysed with caustic soda. The methyl alcohol, thus set free, 
is distilled off, and is dehy rated by distillation first over quick-Iirae and then 
ov’-er metallic calcium. 

£jXpt. 39. To illusf rate the process of the destructive disUlntiou of xoood. Fit 

up the apparatus shown in F'ig, 0.5. Heat some saw 
dust in the test-iube. Notice that the distillate consists 
of {i) an upper layer of pyroligneous acid, and (n) a 
lower layer of wood-tar. Show that the gas escaping 
at the upper end of the tube is combustible. 

Properties.. Pure methyl alcohol is a 
colourless liquid, which boils at 05°. It possesses 
agreeable, wine-iike odour and a burning 
taste, but is poisonous. Many cases of blindness 
or death have been caused by drinking mix- 
ture containing methyl alcohol. Blindness may 



Fig, iio. Apparatus to 
illustrate the process 
of wood distillation. 



a 
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also result from prolonged exposure to its vapour. It burns with a plane, 
non-luminous flame, and its vapour forms an explosive mixture with 
It is miseible with water in all proportions. 

t Methyl alcohol possesses the general chemical characters of an 
^alcohol (Sec. lU). 

Constitution. See Sec. 40. 

; Detection. The presence of methyl alcohol can be readily 
detected by the formation of methyl salicylate or formaldehyde. It 
may be differentiated from ethyl alcohol by its failure to give the 
iodoform test. 

Expt. 40. 1 deni ificat ion of Methyl Alcohol, (i) Hoi 1 a few drops of metlivl 

alcohol with a little salicylic acid ami a drop or two of concentrated sulphuric 
®cid. Notice the characteristic fragrant odour of methyl salicylate. 

, (ii) Place a few drops of methyl alcohol in a boiling-tube.* t’over the same 
Y*th some asbestos wool. Now heat a copper gauze to redness in an oxiclizintr 
iiame and drop it immediately into the tube ; notice the characteristic suffocating 
odour of formaldehyde, 

(Hi) Uepeat Expt. 41, (Sec. 1*20), using pare methyl alcohol instead of ethyl 
alcohol. No iodoform can be tletectcd. 

Uses. (1) The largest use for methyl alcohol is as a denaturant 
for ethyl alcohol. 

1 (2) About an ecjual (juantity is oxidized to formaldehyde, which is 

i used in the production of Bakelite. 

(3) Large quantities of methyl alcohol are used in the manufacture 
of dimetliylaniline, dyes, drugs and perfumes. 

117. Ethyl Alcohol, EthanoU (Tlg.ClL.OH. 

, Occij^ pence. Ethyl alcohol occurs naturally in the form of its 

esters organic acids in many essential oils and fruits. 

Manufacture. Ethyl alcohol is manufactiu-Fd on a large scale 
from three different sources : 

(1) Saccharine materials, molasses from the manufacture of 

cane-sugar. 

(2) Starchy substances, such as potatoes, barley, corn and rice. 

(3) Ethylene obtained (among otM'r gases) hy ‘‘cracking*’ petroleum 
or natural gas^ 

The production of pure alcohol or rectified spirit iVoni the first 
^ two sources consist of three main steps : (1) Fermentation (2) Distil- 
lation, and (3) Hect ificat ion. 

I (1) Fermentation- The sugar can be directly subjected to 
alcoholic fermentation, while starch must first be converted into a 
sugar called maltose. 0 

* Thf prof 'CSS JK based on the addition of the elements of water (See. 85). but 
no dcluils are. at present uv^ailable. 
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(a) Production of Alcohol from Sugar. In the case of 

saccharine materials, fermentation is directly effected by means of 
yeast Sec. 6(i). The sugar is generally employed in 

the form of ‘‘molasses” — a dark-coloured, syrupy liquid obtained in 
the manufacture of cane sugar, from winch the sugar cannot be pro- ^ 
fit ably extracted. This contains about 55 per cent by weight of sugar, 
together with inorganic salts. It is diluted with water to a sugar 
concentration of 10 to 12 per cent and acidified w'ith sulphuric acid to 
prevent infection by undesirable organisms. The liquid is heated to 
about 30°C, and 3'east is added to start the fermentation which is 
complete in about 13 hours, when yeast is filtered off, and the 
fermented liquor, technically knowm as the “wash”, is subjected to 
distillation. 

The reactions taking jilace during the fermentation of sugar have 
already been explained (Sec. 66.) 




(h) Production of Alcohol from Starch. The production of 

alcohol from strreh consists of two distinct steps : (/) ' conversion of 
starch into maltose {saccharijication) and (n) alcoholic fermentation. 

(?) Saccharification. The conversion of starch into maltose is 
brought about by means of an enzyme, called diastase, which is pro- 


duced during the gcrmin.ati on of corn, and is also found in sali^ and 
ncreatic juicer T’he Siastase is not used as such, but is emplov- 


the pancreatic juicer The diastase is not used as such, but is empl 
cd together with the whole corn in the form of malt, which is most 
conveniently obtained by the germination of barley. Barley, is malted 
by allowing it to germinate in the dark at 15°. in layers about 5 inch 
thick. The germination is then stopped by raising the temperature, 
and the malt is crushed and extracted wit h wa ter. The resulting 
liquid, known as the malt-extract. containsrdTastas$ in solution. 

Potatoes, rice, maize7 ofTiimralted barley are ernployed as tlie usual 
^source of starch. They are rasped or crushed and then gelatinized by 
treatment with super-heated steam! The resulting mass is mixed 
with water, and some ground malt, or malt extract, is added. The 
temperature is maintained at 60° to 62°C, until the conversion of 
starch into maltose is practically complete (about 20 minutes). The 
liquid is then boiled, in order tB stop the action of diastase. The 
conversion of starch* into maltose, which is a hydrolj^tic action, is 
represented by the following equation : 

2(C6Hjo05);r+^H20 — 

Starcli Maltose 


11 


The iDroccss is known as mashing and the product as mash or wort. 

As an ajftcrnative, starch is converted into sugar (glucose) b}'- means 


of hot dilute sulphuric«cid or hvdrochloric acid : 

n 




Starcli 


TCgHj206 

Glucose 
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S„r ■>?* f xceedinj S3»C. The fermentation t.Te’“tfr™°to 

the maltose present 

*1 

m 



conteined 

CiaH220„-i-H,6-.. 2C,H,,0, 

Maltose Glucose 

Ine glucose formed is at once decomposed 
enzyme present in yeast — giving alcohol. 

Zymase 

^ -C'2Tl50H-{-2C02 

Glucose Alcohol 


zymase — another 


Buring fermentation,, frothing of the liquid occurs, owing to the 
evolution ol carbon dioxide. ^ 


In ease the stsirch has been saccharified by means of dilute suinhurie 
acid or hydrochloric acid, the glucose present is directly attacked hv 
zymase, producing alcohol. " ^ 

(2) Distillation. The fermented liquid, which contains not more 
than 18 per cent of alcohol, is subjected to fractional distillation 
This, in modern plants, is elfected in one step and continuouslv 

In Great Britain, the fractionation is carried out in’the Coffev <5fill fp; 


Coffey still (Fig. (iO), 



SPENT 

LIQUOR 

extr 


Fig. cut. Coffey Still. 
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by horizontal plates, P, perforated with lioles and furnished with valves, F 

^ of these, an overflow pipe, P, passes down and 

of f. the next lower plate. The cup holds a sufficient 

amount of liquid to form a hydraulic seal at the lower end of each overflow pipe. 
The overflow pipes project about 1 inch or so above the perforated plates, thus 
determining the depth of the liquid layer on each plate. The lower half of the 
rectilier ^ is also divided into chambers by perforated plates, and is provided 
\Mth overflow pipes. Through the chambers of the rectifier pass coils of pipe. A, 
t irough which the liquid, to be distilled flows on its way to the analvser. 

’^11 j works on the counter current principle. The liquid to be 

distilled passes downwards through the coils of pipe in the rectifier, where it gets 
j steam and alcohol vapour) nearly to its boiling point and is then 
dischai^ed at the top of the analyser. Free steam from a boiler is admitted 
at the base of the analyser, and, passing upwards through the thin lavers of 
liquid on the perforated jdates, carries with it the vapour of alcohol and other 
volatile substances present in the fermented liquid. In each one of the chambers, 
there occurs an exchange of constituents between the liquid layer and the 
vapours; the alcohol present in the liquid ev’aporates while the water 
\apour^ from the gaseous phase undergoes condensation (compare 
page 17). This process is repeated in each chamber and the ascending mixture 
o \apours, therefore, gets continuouslv richer in alcohol wliile downcoming 
liquid gets progressively poorer in alcohol. 

The \ apour of alcohol . etc. passes out of tlie analyser at the top, aiwl'^'then 
enters the rectifier at its base. During its upward passage, practically the whole 
of the \\ater vapour gets condensed by an action similar to that taking place in 
the analyser, and also by coming into contact with coils of pipe conveving the 
cold fermented litpiid. Hence only the alcohol vapour passes out at the top of 
the rectifier, and is cenveyed to the condenser. The ^^•ater condensed in the 
rectifier contains sorne alcohol, and is, therefore, conveyed to the top of the 
analyser, where it mixes with the fermented liquid, The spent liquor, entirely 
depriv’ed of its volatile constituents, is drawn off at the base of the analvser. 


Ihe raw spirit obtained by distillation contains from 90 to 95*57 

per cent of alcohol. The latter limit represents the constant boiling 

mixture of alcohol and water, and boils at 78*18®. For industrial 

j)urposes, such as when used as a fuel or in making varnishes etc., 

the raw spirit is denatured, i.c,, rendered unfit for drinking by the 

addition of about 10 per cent of wood spirit or methyl alcohoi, and a 

small (plant ity of paraffin oil, or by the addition of crude rubber 

distillate. The product, known as methylated spirit or denatured 

alcohol, is sold duty-free. 

« ^ 


Rectification. ^Vhen required for internal use, e.g,, for the 
preparation of spirits, liquors, pharmaceutical tinctures, etc., the 
raw spirit must be freed as much as possible from oily mixture of 
higher alcohols, known as fusel oil, which the raw spirit always 
contains, as well as from low'-boiling impurities, such as acetaldehyde. 
Formerly, fusel oil was remov^ from the crude spirit by dilution 
with water and filtration through*, charcoal, but at the present time 
fractional distillation is relied upon. The crude spirit is submitted to 
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very careful fractional distillation in specially designed stills, and the 
loiiowing fractions are collected separately. 

(0 st 7 U7itiingSy i^e., low boiling by-products, consisting chiefly 
Qt acetaldehyde. ^ 

spirit, consisting of pure ethyl alcohol (90— n.5o7%). 
(izz) Last runnings, which consist of “fusel oil.’’ 

118. Absolute Alcohol. By this term is meant alcohol 
entirely free from water. As alcohol forms a constant-boiling mixture 
With water, it is not possible to effect a complete separation of the 
two liquids by fractional distillation. Other means must, therefore, 
be adopted. In the laboratory, the dehydrfition is effected by distil- 
lation over quicklime. The last traces of moisture (about 0*5 per 
cent) are then removed by treatment with a calculated amount of 
nietallic sodium followed by redistillation. 

Absolute alcohol, which, a few* years back, was hardly known outside 
the laboratory, is now used as a solvent on a commercial scale. The 
removal of 4*5 per cent of water greatly increases the solvent power 
of alcohol for many substances. It mixes with gasoline and other 
hydrocarbons in all proportions, which the ordinary 05 per cent alcohol 
IS incapable of doing. For commercial purposes alcohol is rendered 
anhydrous, by distilling a mixture of it with benzene. 

In lliis process, advantage is taken of the fact tliat alcohol, water and benzene 
form a ternary mixture liaving a minimum boiling-point of 04-9® and containing : 

Water, 7*4 per cent. 

Alcohol, 18*5 ,, 

Jlenzene, 74*1 ,, ,, 

t^urther, benzene and alcohol also form a minimum boiling mixture, which boils 
at 08*2® and consists of 

Alcohol, a2'4 per cent. 

Benzene. 67*<! ,, ,, 

On fraetionally distilling aqueous uleoiiol eontaining a sulTieient proportion of 
added benzene, the minimum boiling ternary mixture first passes over, until all 
the water has been eliminated. Then the binary mixture of aleohol and benzene 
passes ov^er, until all benzene lias been removed. The residual liciuid in the still 
consists of absolute alcoltol. The recovered benzene is utilized for the dehydra- 
tion of a further quantity of alcohol 


The important 


119, By-Products of Alcohol Industry. 

by-products of the alcohol industry are : 

(1) Carbon dioxide. During the fermentation, large tmantities of 
carbon dioxide are removed. The gas is purified and compressed to 
the liquid state, and is sold either as such or in the solidified form for 
refrigeration purposes. 

(-) Head Products. The mo^ vSintiJe constituents (chiefly 
acetaldehyde and volatile esters) present in the crude spirit pass o 
as “first runnings'’ or “head prod ucts’^*du ring the ' fractional dl. ti 
tion of crude spirit, and are collected scpar^^ly. 


over 
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(3) Fusel Oil. This is obtained as the ^Aast runnings or ‘‘ toil 
products^^ during fractional distillation of crude spirit. It consists of 
an oily mixture of higher alcohols that are only moderately soluble in 
water. They are not produced from the sugar or starch as was former- 
ly supposed, but by the disruption of certain amino-acids (particularly , 
leucine, isoleucine and valine) present as such in the natural mash or -f 
produced from proteins of the raw material during the conversion of 
the malt into sugar. The decomposition is brought about by yeast to 
satisfy its need for nitrogen and for the production of enzymes, the 
higher alcohols being left behind as non-assimilable products of 
metabolism. Thus, /-leucine (a-aminoisobutyl acetic acid) gives 
inactive isoamyl alcohol : 

(CH3)2CH.CHo.CH(NH2).C00H+H20 — ^ 

(CH3)2CH.CH2CH2.0Hd-C02+NH3 

Similarly, /-isoleucine gives rise to /-amyl alcohol, and valine to 
isobutyl alcohol. 

The proportion of fusel oil in raw spirit is from 0*2 to 0*4 per cent, 
by volume. It may be increased by the addition of leucine and other 
amino-acids to the fermenting mash. 

Fusel oil fetches a much higher price per gallon than the alcohol 
itself. It is chiefly used in the production of commercial amyl alcohol, 
(Sec. 124) which has numerous technical applications. 

(4) Spent Wash. The ‘-spent wash” i.e., the liquid from which 
the alcohol has been recovered by distillation, contains all the proteins 
present in the starting material. It is utilized as a cattle food. 

(5) Argol or tartar. This consists of crude potassium hydrogen 
tartrate, which, being insoluble in aqueous alcohol, separates during 
fermentation of grape-juice, as hard, brown crusts. It serves as the 
raw material for the manufacture of tartaric acid. 

120. Properties of Ethyl Alcohol. Ethyl alcohol is a 

colourless mobile liquid, having a pleasant pungent odour. Absolute 
alcohol boils at 78*37® and has a sp.gr. of 0*789 at 20®. 

Ethyl alcohol forms a constarit-boiling mixture with water contain- 
ing 95*6 per cent, of the alcohol and boiling at 78*13®. In dilute 
soTutions, alcohol has a specific intoxicating effect on the system. The 
use of spirits and liqueurs is based on this property. Alcohol is an 
excellent solvent for many organic substances, such as resins and oils. 

Alcohol burns with a pale blue non-luminous flame. It possesses ; 

the general chemical characters of an alcoliol. ^ 

Nitric acid oxidizes ethyl alcohol with explosive violence, producing j 
among other products, ackaldehyde, carbon dioxide and water. I 

Constitution. See under Sec. 40. 




Sec. 121.] 


MONOHYDRIC ALCOHOLS 


18' 


Detection, Ethyl alcohol can be readily detected as in th 
tollowing experiments : 


Expt. 41. Iodoform Test, \Varm a small quantity of ethyl alcohol with 
crystal ofiodine, and then add a solution of potassium hydroxide drop bv dror 
until the iodine colour just disappears. A yellow precipitate of iodoform ‘posses 
sing a characteristic odour, will separate out, either immediately, or after som. 
time. This test is given by several otlier compounds including acetone. 


Expt, 42. Ethijl Aceiaie Test. Warm some ethyl alcohol with glacial acetii 
acid and concentrated sulphuric acid. pleasant fruity odour of ethvl aeetatf 
will be developed. 


Estimation (Alcoholoinetry). The percentage of ethyl alcohol in 
a mixture of pure water and alcohol can be readily determined by 
noting the specific gravity of the mixture and then looking up the 
figure in a reference table. For instance, if the specific gravity is 
found to be 0*8605, at 15*5°, reference to the table would show that 
the sample contained 75 per cent of alcohol by weight. In the case 
of beers, wines, and spirits, the sugary and other extractive matters 
present influence the specific gravity to such an extent that a direct 
determination of sj^ecific gravity would be of no value. Hence a 
measured quantity of the sample is submitted to distillation, until 
about one-half has passed over. The distillate, which contains 
practically the whole of the alcohol, is diluted with pure water to 
the original volume of the sample, and then the specific gravity of the 
solution is taken. 

For revenue purposes, the standard is Proof spirit which in Great Britain 
contains 49 8 per cent by weight, or 571 per cent by volume, of alcohol. Spirits 
are termed under or over proof according as thej^'ure weaker or stronger than 
proof-spirit. Thus, 25° over proof means that 100 volumes of the sample contain 
a.s much of alcohol as 125 volumes of proof-spirit, whilst 25° under proof means 
that 100 volumes of the sample contains as much of alcohol as 75 volumes* of 
proof- spirit. 


121. Alcoholic Beverages. Alcoholic beverages may be 
divirled into two classes .* (1) distilled beverages, and (2) undistilled 
beverages. Beer and wine arc the chief undistilled bev^erages. 

Beer is made from barley and is flavoured by the addition of hops 
It contains from S to 0 per cent of alcohol and small quantities of 
dextrin, sugar, dissolved carbon dioxide, and other substances. 

Wine is made from the jiiicc of ri jc grapes by means of species of 
yeast which occur naturally in the bloom on the skin of the fruit 
itself. Natural wines contain from 8 to 15 per cent of alcohol and free 
sugar. FerrnentaLion automatically stops with the attainment of 15 
per vent alcohol content, owing to the inability of yeast to grow in 
solutions containing a higher proportion of alcohol. 

In ninkiiig champagne, the grape juice is allowed to ferment in 
tightly closed bottles. The carbon dioxide, Iherefore, remains 
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dissolved in the beverage, whieh consequently effervesces on ^Iie 
pressure being released. 

Sweet fortified wines, such as port and sherry, contain about 20 per 
cent alcohol. The}^ are made in the manner above indicated and the 
alcohol content is then made up by the addition of pure alcohol. 
Some flavouring agent and sugar are also added to impart relish. 

Another undistilled alcoholic beverage is cider, w'hich is made from 
apple juice by the action of 3 ''east and other organisms occurring 
naturally on the fruit. It contains from 4 to 8 per cent of alcohol. 

In making distilled spirits, the fermented liquid is subjected to 
distillation to increase the alcoholic content and to free the beverage 
from unpalatable constituents. They usually contain 40 to 50 per 
cent oi alcohol. 

Whisky is made from barle\^ and gin from maize. The latter is 
flavoured with juniper. Brandy is made b}'^ distilling wine, and rum 
by the distillation of fermented molasses. Vodka is distilled from 
rye, and is the common form of strong drink used in Russia. . 

122. Uses of Ethyl Alcohol : — 

(1) As already mentioned, ethyl alcohol is a constituent of alcoholic 
beverages used so extensively. 

(2) In its various denatured forms, ethyl alcohol is the most exten- 
sivel}’ Used organic solvent. It is used for this purpose in the 
laboratory, in making pharmaceutical tinctures, and in the preparation 
of varnishes and lacquers. 

(3) It is also used as a fuel in spirit lamps and spirit stoves. The 
use of alcohol as a motor fuel has attracted much attention. It is 
not suflicientlj'^ volatile to give proper starting in cold weather. This 
difliculty is overcome by using a mixture containing about 25 per 
cent of ether or petrol. In Philippines, where alcohol is cheap and 
petrol dear, the usual composition for motor spirit is 75 per cent of 
ether. The mixture is denatured by adding small quantities (about 

I per cent each) of kerosene and aniline. 

In Europe, each countiy for patriotic reasons has a ‘national' motor 
fuel. The idea is to make the greatest possible use of domestic sources 
of alcohol and to reduce the importation of petrol. India should also 
fxive attention to this problem. While her resources of petroleum are 
very limited, she has practically unlimited potentialities for the 
production of alcohol. Full utilization must be made of the enormous 
quantities of molasses, that the ever-growing sugar industry is 
bound to produce, and also of wood shaving, waste straw, and the 
sulphite liquor from paper factories. All these materials can be made 
to yield alcohol b^^ suitable fermentation processes. 
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(4) Large quantities of alcohol are used in the production oi 

numerous organic compounds, such as ether, chloroform, dves alU-n 

loids, perfumes and collodion. ’ ^ 

(5) Alcohol is also used as a preservative of biological specimens snr) 

as an antiseptic for the skin. ‘ 

( 6 ) Alcohol, in the form of brandy is much used by the allon ith:,. 

physicians, patiiic 


123. Propyl Alcohols, CgiljOH. 

n-Propyl alcohol, \-propanol, Clfa.CIL.CirjOII fh n 07 °i 
occurs in / mscZ o// (Sec. 119), from which it is obtained by fi-actiona’ 
tion. It has been extensively used in organic synthesis, but is of no 
commercial importance. 


. Isopropyl alcohol, *Z-propanol, C’ir 3 .CII(OH).CH 3 (b.p. 82 ®) 
IS manufactured from propylene, obtained as a by-product in- th'e 
cracking of heavy oils (Sec. 77). The process consists in absorbinrr the 
hydrocarbon in sulphuric acid, - ^ , 

CH 3 .cii=cii 2 +ii 2 S 04 ^ (cn3)2Cir.Hso4 

Propylene Isopropyl hydro^ren sulphate 

and decomposing the resulting ester by the addition of watf‘r 

(Cir3),cii.nso,-Mi.OM '(ciD^criOH +h!S;, 

Isopropyl alcohol 

The gas from the cracking stills, containing about 15 per cent of the olefine 
hydrocarbon.s, is tre ated in towers with 87 per cent sulphurie acid which 
absorbs propylene and butylene but not ethylene. The solution is run into warm 
water, and, after the separation of tarry matter, subjected to fractionation. 


Isopropyl alcohol is nowadays used in industries under the name 
of petrohol^. Large quantities are being used in the manufacture 
of isopropyl acetate which is employed as a solvent in lacquers. 
Petrohol is also used as a solvent in cosmetics and hair tonic.s, and in 
the manufacture of acetone. 


124. Higher Alcohols. 

4 w-Butyl alcohol, CFl 3 .(CTl 2 ) 2 .CH 20 II is obtained as a 

by-product in the manufacture of acetone by the fermentation of 
starch by means of Bacillus maceranus. It is used — 

( 1 ) as a solvent, and 

( 2 ) in the manufacture of butyl acetate, CHyCOOCjHfl, and dibutyl 
phthalate, C„H 4 (COOC,Ilo) 2 . both of wJiich are employed in lacquers. 

Isobutyl alcohol, Z-inethijl-propanol (CIl 3 ) 2 CIf.CH 20 ir, occurs 
in fusel oil, and has been extensively used in organic synthesis. 


^ The name suggests the origin ([ictroleiim) and nature (alcohol) of the 
substance. 
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Tertiary butyl alcohol, or trimethyl carbinol, (CHg/gCOH, is 
obtained from acetone with the aid of a Grignard reagent (page 169). 
It is one of the few lower alcohols that are solid at the ordinary tem- 
perature. It melts at 25®C and boils at 

Amyl alcohols, C^HnOII. All the eight isomeric amyl alcohols 
are known. Of these, four are primary, three secondary, and one 
tertiary. The commercial amyl alcohol, obtained from fusel oil 
(Sec. 119) is a mixture of the following two isomers: 

(1) CHg.CHo CHCCHgl.CHoOH (2) (CH3)2CH.CHo.CHoOH 
2?Methvll-b..tanol S-Methyl-l -butanol 

(b.p. 125®) (b.p. 131®) 

The former component is known as active^ amyl alcohol and the 
latter as isoamyl alcohol. For commercial purposes, the mixture is 
used as such. Large quantities are converted into the corresponding 
mixture of amyl acetates, employed as a solvent in lacquers. 

UNSATURATED ALCOHOLS 


. 125. The unsaturated alcohols are derived from olefines or acety- 
lenes, and consequently possess the dual character of an alcohol and 
an unsaturated compound. The olefine alcohols, or 

CnH^nO, are isomeric with aldehydes and ketones derived from 
paraffin hydrocarbons. 

As in the case of unsaturated halogen derivatives (Sec. 102 ), two 
distinct classes of olefine alcohols are possible. However, the alcohols 
in which the OH group is directly united to a doubly bound carbon 
atom are unknown, since the grouping >C = CH.OH is unstable and 
readily passes over into the group >CH.CH=0. An example of this 
class is vinyl alcohol, CHg — CH.OH, traces of which are supposed to 
occur in commercial ether. It has never been isolated, since all reac- 
tions which might be expected to produce . this substance yield, 

instead, its isomeride, acetaldehyde ; e,g,^ 

heat with 


CH2OH 

CHoOH 

Ethylene glycol 


ZnCL CHo isomerization 

CH 3 

1 

^ ll 

- H.o CH.OH 

CH=0 

V'inyl alcohol 

Acetaldehyde 

(unstable) 



126. Allyl Alcohol. Vinyl CarhinoU CH 2 =CH.CH 20 H, 3- 

Propenol. This compound occurs in minute quantities in raw wood 
spirit. It may be obtained by the hydrolysis of allyl iodide by means 
of boiling water, but is usually prepared by heating glycerol with 
anhydrous oxalic acid to a temperature of 260°C. The reaction has 
been shown to occur in two stages, a gly ceryl di-o xal ate being formed 
' as it is optically active (levorotatory) 
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f« S'*“ by he.. 


CHjOn 

CHOH HOOC 

I + I 

CH„OH HOOC 


CH 20 H 

1 

CHaOH 

CH.O.OC - 

1 

CH 

II 

CH, 

1 1 

CHjO.OC 

GIveervI 

dioxalate 



+ CO 


acid mTel inn ■ ^"!l‘ Alcohol. Uistil a mixture of 30 gm. of oxalin 

intn a retort provided with a thermometer dinning 

add i* .^>‘ 5 tillate passing up to 180®, which contains Wife 

u'h* I change the receiver, and collect the liquid passin^y over im to orno 

«h.ch contains ailyl alcohol. Redistil this portion until thrteVerat.l^'^ rea^^^^^ 

rcdistil.^^'’^‘^'^“*® anliydrous potassium carbonate, and then 

Notice (1) tlie odour of the Ihiuid, and (2) its action on bromine water 

* lUfohol is a colourless, pungent-smelling, 
proportions"''^ miscible with water in ali 

All^yl alcohol possesses two sets of properties, (i) those of an 
^saturated compound, and (ii) those of a primary alcohol. As an 
nsaturated compound, it combines directly with hydrogen, halogens 

hydrides. VVlien carefully oxidized with an alktUine 

1 groups are added 

on with the production of glycerol : 

HaC=CH.CH20H-f-H204-0 — CHaOH.CHOH.CH.OH 

Allyl alcohol Glycerol 

As an alcohol, it combines with acids forming esters • e p 

CH3COOH-bHOCH2.CH;CH,f=iCH3COO.CHj.CH=CH3'+H„0 

. . . acetate 

[-;) When carefully oxidized with silver oxide, the primary alcohol 

^ group gets oxidized first to an aldehyde group and then to a carboxvl 
group ; — ' y 

-2H +0 

H2C=CH.CH20H— ► Il3C=CH.CHO — *H3C=CH.COOH 

Ally! alcohol Acraldehyde Acrylic acid 

*^26A. Olefinic or Open-Chain Terpene Alcohols. 

1 1 u higher unsaturated alcohols and their corresponding 

aldehydes occur in the essential oils of plants associated with cyclic 
terpenes^ to which they arc structurally related. These compounds 
are of great interest in perfumery. Three of the best known olefinic 
terpene alcohols are : 

C’llg dig 

CH3C=CH.cii2.cii2.c=cn.cii20n 

Geraniol, JJ : 7 dimethyl a *:*-octadicne-l-ol 
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CII3 CH3 

CH2:C.CH2.CH2.CH2.CH.CH2.CH20H 

Citronellol, 13:7 dimethyl- A. ^-octene-i-ol 

CH3 CH3 


CHoiC.CIL.CHo.CHo.C.CH : CH 


OH 


Linaloi, *3 : 7-dimethyI-A l:7-octadiene-3-oI 
Geraniol occurs along with citronellol in otto of. roses and in 
geranium oil. Rosha-grass oil contains about 00 per cent of free and 
combined geraniol. 

Citronellol occurs in the d-form in citronella oil, and in the /-form 
in otto of roses. 

Linaloi occurs in oil of bergamot, lign-aloes and lavender. 

* 126B. Propargyl Alcohol, Propinyl Alcohol ^ CH i C.CHjOH. This is 
the simplest of the acetylene alcohols. As a compound containing an acetylenic 
function it combines directly with four atoms of bromine, and forms explosive 
metallic derivatives with aminoniacal solutions of cuprous chloride and silver 
nitrate. It is a jileasant-smelling liquid boiling at 114®. 

QUESTIONS 

1. Write equations for reactions by which primary, secondary, and tertiary 
alcohol*! can be prepared. Describe one method, other than the oxidation 
method, by which the different types of alcohols can be distinguished. 

{Punjab, B.Sc., 1933) 

2. Starting with acetylene, outline a possible synthesis of (a) ethyl alcohol, 

{b) tertiary butyl alcohol. (Punjab, B,Sc., 1932) 

.3. Explain the terms primary, secondary and tertiary as ajiplied to alcohols. 
How would you distinguish between the three classes ? 

4. You are given an aliphatic alcohol. Describe how you would attempt to 
oxidize it, and then identify the product of oxidation . From your identification 
of the product of oxidation, what conclusions could you draw as to the consti- 
tution of the original alcohols ? (Punjab, B,Sc., 1929) 

o, 0*2881 gm. of an alcohol, on being added to ethyl magnesium iodide, 
caused the evolution of 48*33 c.c, of ethane at 20° and 7.55 mm. Calculate the 
molecular weight of the alcohol. (Ans. 144) 

6. The analysis of an organic substance gave the following results; 0*2115 

gm. on combustion gave 0*405.5 gm. CO^ and 0*2533 gm. H>0, The vapour 
density of the substance was 29*7. When treated with potassium dichromate and 
dilute sulphuric acid, it produced a substance which gave the iodoform test. 
What was the original compound ? [./Ins. Isopropyl alcohol, (CHgljCH.OH]- 

7. Describe a method for the manufacture of methyl alcohol. What impurities 
would veil expect in the alcohol manufactured by the process you are describing? 

(Punjab, Inter., 1932]^ 

8. Wliat arc the main products obtained by the dry distillation of wood 

How are these products separated and purified ? State to what commercial uses 
thev are applied- {Punjab, B.Sc., 1924) 

<) How would you test for methyl alcohol in the presence of ethyl alcohol ? 

(Punjab, B.Sc., 1933} ^ 

10 Give an outline of the process of manufacture of industrial alcohol ? 

(Punjab, B.Sc., 1936) 

11. Give an account of the various processes concerned in the preparation of 

ethyl alcohol from starch. (Punjab, B.Sc., 1933} 

12. Describe the preparation and important properties of allyl alcohol. 
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CHAPTER XV 


ESTERS OF MONOHYDRIC ALCOHOLS WITH INORGANIC 

OXY-ACIDS 


General* Esters or ethereal salts, as they are sometimes incorrectly 
called, are salt-like compounds each of which is formed by the 
interaction of an alcohol with an inorganic acid. The esters of 
halogen hydracids, or alkyl halides, have already been described 
(Chapter XII). In this Chapter the esters of inorganic oxy-acids will 
be taken up. 

127* General Methods of Formation 

(1) From alcohols. The esters of inorganic oxyacids may be 
obtained from the alcohols by the action of acids, acid chlorides, or 
acid anhydrides : c.g., 

a, CoH50H-|-Il2S04f=^C2HgHS04 “bllgO 

C 2 H 5 HSO 4 + CollsOU^i C 2 H 5 ) 2 S 04 -l H 2 O 

b. ‘iCalisOH + SOgCIs — ((’ 0115 ) 2804 -1-2HC1 

C. 2 C 2 H 5 OH 8 O 3 ^ (C 2 H 5 ) 2804 -f"H 20 

The reaction of alcohols with acid chlorides or anhydrides is of 
special importance for the preparation of normal esters of poly basic 
acids, 

(2) From Sodium Alkoxides. A better method of preparing normal 
esters of polybasic acids consists in treating sodio-derivatives of 
alcohols with acid chlorides ; e*g.. 


CaHgONa 

-f*Pi 2 ^^ 2 — ► (C 2 H 5 ) 2 SO.j -]- 2NaCl 

CallsO.Na 


(:i) From Alkyl Halides. When an alkyl halide is distilled with the 
silver salt of an oxy-acid, there occurs a double de omposition 
between the two, and the ester of the oxy-acid passes over ; e.g., 

CgHsI-fAgNO,— C2H5N03-f Agl 


128. ‘Reactions. The most iniportant reaction of the esters of 
inorganic oxyacids is their hydrolysis by ac^ueons alkalies, when the 
component alcohol is set free; e.g., 

CsH^NOa+NaOII — CoHBOH-fNaNOa 
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Acid esters are often hydrolysed merely on being mixed with water 
at trie ordinary temperature : e,g,^ 

Ti . CsH^HSO^+H^d’FziC^HsOH+H^SO^ 

me action however, occurs more readily on boiling. 

129. Alkyl Hydrogen Sulphates. Alkyl hydrogen sul- 

I lates, i.e., acid esters of sulphuric acid, are obtained either (1) from 
alcohols by the action of concentrated sulphuric acid, or (2) from the 
olefine hydrocarbons, by treatment with sulphuric acid of proper 

Alkyl hydrogen sulphates are acidic in reaction, and their metallic 
salts are mostly soluble in water. The potassium alkyl sulphates 
crystallize well, and, like alkyl halides (Sec. 97) are used as synthe- 
sizing agents. When heated or subjected to dry distillation with 
^lius ^ they yield certain classes of organic compounds. 


(1) with potassium bromide, they give alkyl bromides, 

CyijKSOi-l- KBr — ^ CjHjBr-bKjSO,, 


(2) witli potassium hydrosulphide, thio-alcohols, 

C2H5KS04-f KHS — > CallsSH-b K2S04, 


and 


(*3) with potassium sulphide, thio-ethers", 

: 2 C 2 ll 5 KS 04 -|-K 2 S — ^ C2H5.S.C2H5-I-2K2SO4, 


(4) with potassiuiTi cyanide, alkyl cyanides, 

' ^ ► C2H5CN'-|-K2S04 

r m'TI Hydrogen Sulphate, Ethyl Sulphuric Add, 

-this IS the most iniportant representative of its class, 

and IS obtained by the interaction of ethyl alcohol and concentrated 
sulpliuric acid. 

i he \ielcl IS never quantitative, as the reaction attains an equilibrium. 


Expt. 44. Preparation of Ethul Hydrogen Sulphate, A mixture of equal 
volumes of alcohol and concentrated sulphuric acid is heated for about one hour 
<)n a steani bath under a reflux condenser. The reaction mixture is cooled 
diluted with water, and treated with barium carbonate to neutralize the un- 
changed sulphuric acid and to convert ethyl hydrogen sulphate into barium 
eth\ 1 sulphate. The barium sulphate and the excess of barium carbonate are 
liltcred off, and the solution of barium ethyl sulphate is treated with cold dilute 
sulphuric acid, until the precipitation of barium sulphate is complete : — 

(C2H5S0djBa + H2S04 — ►2C2H5-irS04 -hBaSO^ 

The .solution is once again filtered, to remove bariu/n sulph.ate, and then evaporat- 
ed at the room temperature, under reduced pressure. Water and alcohol pass olT, 
wiiilc ethyl hydrogen sul()hatc remains behind as a thick sour li(}uid. 

Ethyl hydrogen suliihate is an odourless oily liquid. It ha.s a 
sh'ongiy acidic reaction, and is miscible with water in all proportions. 
The more important reactions of ethyl hydrogen sulphate are : 




id 

tb 

Jei 




^ 1 


00 


'!id 




Secs. 131-132.] ESTEliS OF INORGANIC OXY- ACIDS 


195 



♦ 

(1) The aqueous solution of the ester undergoes hydrolysis, yield inf** 
free sulphuric acid and ethyl alcohol, the reaction being slow at the 

^ordinary temperature. 

(2) It forms readily soluble metallic salts, the potassium salt being 
used in the synthesis of certain ethyl compounds (Sec. 129 ). 

( 3 ) When heated alone, it yields free sulphuric acid and diethyl 
sulphate ; 

2C2H5HSO4 > (02115)2504 -f“ 112^^4 


At the same time, free sulphuric acid and ethylene are produced 
(Sec. 87 ) : 

C 2 H 5 .HS 04 ^C 2 H 4 + H2S04 

( 4 ) When it is heated with alcohol, diethyl ether, C2H5.0.C2li5, is 
obtained : 

C2ll5HS04d-HOC2H5 — ^ C2H5.O.C2H5 -1-112804 
Dimethyl Sulphate, (0113)0804. This is the most 

1 . 1 X 14. a i 
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important normal ester of sulphuric acid. It is obtained on a large 
scale by the vacuum distillation of methyl hydrogen sulphate^ : 

2CT13HS04 {CH^)^Sb^-{-n.SO^ 


•H ** \ 

Dimethyl sulphate is a colourless liquid, boiling at 188 ®. It strongly 
' attacks the mucous membranes and is very poisonous. 

Dimethyl sulphate is a valuable methylating agent and is employ- 
ed as such in the laboratory and on a commercial scale. It may be 
used with advantage in all reactions where methyl iodide is employed, 
though ordinarily only one ol the two methyl groups is utilized. It 
reacts more readily than methyl iodide, and gives better 
yields. It is of particular importance in the methylation of primary 
and secondary amines and etherification of phenols. 

.132. Ethyl Nitrate, C 3 I-I 5 NO 3 . When ethyl alcohol is treated 
with concentrated nitric acid, the oxidation of the alcohol occurs far 
more rapidly tlian esterification. Further, the oxides of nitrogen 
produced in the reaction attack the alcohol, yielding ethyl nitrite. 
The reaction is highly exothermic, and, unless proper care is taken, 
may become almost explosive in .violence. 

To overcome the above difficulty, a little urea is atided to the well- 
'"Cooled reaction mixture, which decomposes the nitrous acid formed, 

NlL.CO.NIIa-l- 2 NO.OH — »-2N2-[-C02-f:iH20, 

Cre.i Nitrous uciti 

iirid thus prevents the formation of ethyl nitrite. Further, in the? 


‘ Methyl hyflroscn Huliihate iH commercially obtained by the intcractiojj ol' 
•ricLliyl alcohol and I’liiniag suljjhuric acid. 
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presence of urea, the reaction takes place quietly, and ethyl nitrate, 
is the principal product. 

Expt. 45. Preparatiofi of Eihyl Nitrate, Place 15 c.c. of nitric acid (sp. f^r. 
1*4) and about 5 grams of urea in a large-sized round bottom fiask. Cool thel^ 
flask with ice, and add gradually to the mixture 30 c.c. of ethyl alcohol. When 
all the alcohol has been added, attach a Liebig condenser to the flask, and heat 
it very slowly on a water-bath. Wash the distillate (consisting of the ester and 
unused alcohol and acid) with water in a separating funnel. Dry the ester layer 
with fused calcium chloride, and redistil the dry ester from a water-bath. 

Ethyl nitrate may also be obtained by the double decomposition 
between an alcoholic solution of silver nitrate and ethvl iodide 

CsH^I+AgNOg--^ CaH-NOa+Agl 

Ethyl nitrate is a colourless liquid (sp. gr. I'l) boiling at 87°. It 
has a pleasant odour, is practically insoluble in water but readily 
soluble in alcohol or ether. It burns with a luminous flame, and if 
thrown on a hot surface, may explode' It is hydrolysed bv boiling 
water and hot alkalies. On reduction with tin and hydrochloric acid 4 - 
it gives hydroxylamine. 

Calls.NOa-feH — > C2H5OH+ NlipH d-HgO 

Hydroxylamine 

133 - Ethyl Nitrite, C2H5NO2. This is the ethyl ester of 
nitrous acid, and has the structure C 2 H 5 O— N — O. 

Preparation. Ethyl nitrite is prepared by the interaction of 
ethyl alcohol and nitrous acid. The latter, being unstable, is formed 
in situ by the action of dilute sulphuric acid on sodium nitrite. 

A well -cooled mixture of equal quantities of ethyl alcohol and concentrated 
sulphuric acid is slowly added to a well-cooled solution of sodium nitrite in water. 
Brisk reaction sets in with the evolution of brown fumes of nitrogen tetroxide. 
After the action is over the ester (which rises to the top as an oil) is separated, 
washed, dried over calcium chloride, and distilled. 

Propertiss. Ethyl nitrite is a colourless, insoluble liquid with a 
pleasant apple-like odour. It boils at 17®. When treated with 
boiling water, or dilute alkali, the ester is readilv hvdrolysed : 

CoH^XOs-fNaOH—*- CgHsOH+XaNGs 

Distinction from Nitro-ethane. Ethyl nitrite and other 
alkyl nitrites differ from isomeric nitroparaffins in structure and 
properties (refer to nitro-ethane under nitro-paraffins). 

XJs6. In the form of sweet spirit of nitre (which is an alcoholic 
solution of the ester) ethyl nitrite is used in medicine in mild febrile 
attacks. 

134. Amyl Nitrite, CsHnNOg. This substance is obtained by 
leading nitrogen trioxide into commercial amyl alcohol. It is a 
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yellow liquid consisting chiefly of isbamyl nitrite. It is used in medi 
cine for relieving cardiac pain, and also in the preparation of nitroso 
and^diazo-compounds. ■ . ■ 

QUESTIONS ■ ^ 





. ^>'0 the general methods for the preparation of esters of inor/anie 
oxyacids. ^ 

^ 2 Deseribe the preparation of ethyl sulphufie acid, and give its important 

reactions. To what use is its potassium salt put in synthetic organic clieinistrS' ? 

3. Given sulphuric aeid^ and alcohol,- what compounds can be prepared? 

Gwe practical details. • {Pimjab, Inler.l 1919) 

4. How IS dimethyl sulphate prepared ? To what use is it put in ortranie 

synthesis ? * & 

5. Describe the preparation of 'a pure sample' of ethvi nitrate in the labora- 

tory. What happens when ester is subjected to reduction by means of tin and 
hydrochloric acid ? • . ' . 

0, Describe the separate action of chlorine, sulphuric acid, nitric acid and 
nitrous acid on ethyl alcohol. {Punjab, B, Sc.,' 1924) 
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CHAPTER XVI 


ETHERS 




135- General. The ethers possess the same general molecular 
formula as the alcohols viz,^ C„H2nf20' Structurally they are regard- 
ed as the anhydrides of alcohols in the same sense as the metallic 
oxides are the anhydrides of metallic hydroxides. 

Ethyl alcohol, C2H5OH- Ethyl ether, C2H5.O.C2H5 

Sodium hydroxide, NaOH Sodium oxide, Xa20. 

An ether is said to be simple or mixed, according as the two alkyl 
groups linked to the oxygen atom be identical or different. Thus 
diethyl ether, C2H5.O.C2H5, is a simple ether, while methyl ethyl ether, 
CH3.O.C2H5, is a mixed ether. 

Ethers exhibit metamerism (Sec. 35 ); 


136. Formation. Ethers may be prepared by the following 
general methods : — 

(1) From Alcohols : — 

[i) By heating with Concentrated Sulphuric Acid. This reaction is 
of great practical importance, and will be described in detail in the 
case of ethvl ether. 

(ii) By Catalytic Dehydration. In this method the alcohol vapour 
is passed over precipitated alumina heated at 240 ® to 260 ®. 

2C2H5OH — > C2H5.O.C2H5+H2O 

(1) From Alkyl Halides : — 

(?*) By Keating with Sodium Alkoxides {Williamson* s Synthesis) : 


CoHJI+NaO.C,H 


Sodium ethoxide 


C^Hs.O.CsHs+Nal 

Ethyl ether 

This method if of great interest, since it shows very clearly the 
structure of ethers. Moreover, it affords a simple method for synthe- 
sizing any desired ether, simple or mixed. Thus methyl ether 
be obtained by heating a mixture of methyl iodide and sodium 
ethoxide or of ethyl iodide and sodium methoxide. 
iii) Btf Heating with Silver Oxide : — 

^ ^ 2C2H5l+Ag20— C2H,.0,C2H,+2AgI 

137 . Physical Properties. With the exception of dimethyl 

ether, which is gaseous at ordinary temperatures, the aliphatic 
ethers are colourless, mobile, and volatile liquids having a pleasant 
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odour. They are highh^' inflammable and are 
ii<thers dissolve in water to a very limited extent. 
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lighter than water. 


ALEXANDER \VILLIAM 
WILLIAMSON 
(1824—1904) 

ftn English chemist, was born in 
London on May 1st. 1824. In 1844, 
he joined Liebig's laboratory at 
Giessen, and, in 1885, was called to 
the chair of Practical Chemistry at 
the University College, London. 
Here he investigated the ctherijica- 
Hon procesSy and established the real 
aature of ether and its genetic rela- 

tion to alcohol. 



. 138. Chemical Properties. Chemically, ethers are far more 
tnactivc tlian alcohols, and are stable to metallic sodium, alkalies, and 
phosphorus pentachloride in the cold. The following are the chief 
reactions of ethers : — 

1. Hydrolysis. Superheated water containing a little sulphuric 
hcid slowly decomposes ether into alcohols : 

C2II5.O.C jHs-j-H.OII 2C2H5OII 

2. Action of Concentrated Acids, When heated with concentrated 
acids, ethers yield esters : 

» C2ll5.0.C2H54-H2S0,?=iC2H6.IIS0,+C2l40H 

('2! I5.O.C2H5 + HI — ► C2H5I + C2II56H 
The excess of the acid may, of course, react with the alcohol 
produced, yielding a further quantity of the ester. 

Action of Phosphorus Pentachloride, ^N\\e^h€at€d with phospho- 
rus pentachloride. the ethers are decomposed, yi^ding alkyl chlorides* 

C 3 II 6 .O.C 2 II 5 +PCIJ,— ^ 2C3H5Cr4-POCl3 
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139* Constitution. The constitution of ethers as alkyl oxides 
follows from Williamson’s synthesis, aud is supported by their 
reactions. 

140. Identification and Estimations. The alkyl radicals 

present in the ether can be ascertained by heating it with concentra- 
ted hydriodic acid, when the halogen combines with the smaller alkyl 
group. Thus methyl propyl ether yields methyl iodide and propyl 
alcohol : 

CH 3 . 0 . CgH. + HI — ^ CH 3 I -f- Cyi-OH 
When the reaction is over, the products are identified in the usual 
manner. 

Many complex ethers (e,g,i anethole and eugenol) occur in nature 
as components of certain essential oils. These are mixed ethers con- 
taining (f) a methyl group, and (ii) a complex aromatic group. The 
methyl group or the methoxyl group in these compounds can be 
estimated by Zeisel’s method, which consists in heating the compound 
with hydriodic acid : 

R(OCH 3 )„-hnIII -^R(OH)„-f?iCH 3 l 
The resulting alkyl iodide is passed into a solution of silver nitrate 
in 90 per cent alcohol, and the precipitated silver iodide is filtered 
and weighed. An alternative method consists in decomposing the 
alkyl iodide by heat, absorbing the iodine thus set free in an aqueous 
solution of potassium iodide, and titrating against standard thiosul- 
phate. 

141. Diethyl Ether, C^Hg.O.Cyis. Ethyl Ether, or simply 

Ether. This is the most important member of the homologous series 
of ethers. 

Preparation. Ether is prepared both technically and in the 
laboratory by heating a mixture of ethyl alcohol and concentrated 
sulphuric acid at 140''. The reaction has been shown to proceed in 

two stages : — 

(i) CjHjQH t'aHs.HSO +HjO 

Ethyl alcohol — Ethyl hydrogen 

sulphate 

(ii) , C.ffiHSO^+C^HsqH — ► CjHj.O.CjHs+H^SOi 

— — tr-'" Ethvl ether 

The ctliyl hydrogen sulphate, produced in the first stage of the reac- 
tion, reacts with more of the alcohol producing ether and regenerating 
sulphuric acid. The latter then acts once again with a further quan- 
tity of alcohol, producing more of ethyl hydrogen sulphate and ether. 
The process is therefore, continwou^, and theoretically a small amount 
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of sulphuric acid will etherify an unlimited quantity of alcohol. Ac 
tually, however, side reactions take place and the acid is frrarlnnii 
destroyed, owing to its reduction to sulphur dioxide. graduaJl 

Expt. 46. Preparation of Ether. The apparatirs employed for the preps 
ration of ether is shown in Fig. 67. A half-litre distillation flask is fitted with 
dropping funnel and a thermometer. Its side tube is attached to a long conden 
ser, the low’er end of which is fitted into the -neck of a second distillation flask t 
act as the receiver. A long rubber tube is attached to the side tube of the receive 
to carry off the ether vapour into the sink. This arrangement prev'ents the ethe 
vapour from catching fire. 



Fig. 67. Preparation of Ethyl Ether in the Laboratory. 

50 c.c. of concentrated sulphuric acid arc gradually added, with constant 
shaking, to 100 c.c. of alcohol contained in the distillation flask. The latter 
is then heated on a sand bath, until temperature rises to about 140®, when 
ether begins to distil over. Alcohol is now run in from the dropping funnel at 
nearly the .same rate as that of the distillation, the temperature being maintain- 
ed at' 140®. 

The distillate contains alcohol, water, and sulphur dioxide, in addition to 
ether. It is purified by shaking,. in a separating funnel, first with a solution of 
sodium hydroxide to remove sulphur dioxi<Ie and then with water. The upper 
ethereal luver is separated and ilricd over anhydroits calcium chloride. It is then 
redi.stillcd from a water bath, when pure ether passes over at :i4'’— a5®C. 

The etherification of alcohol can be made rcally’^ continuous by 
using, in the above process, syrupy phosphoric acid instead of con- 
centrated sulphuric acid, as, unlike the latter, the former is not a 
reducible compounrl. 

Manufacture. As already stated, ether is manufactured by the 
ctherificalioa of ethyl alcoliol. Kquiniolecular proportions of ethyl 
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alcohol and concentrated sulphuric acid are introduced in a vessel 
provided with a closed coil through which superheated steam can 
be circulated (Fig. 68). The mixture is heated to about 140®C by 
means of superheated steam, and more alcohol is added at about the 



Manufacture of Kther. 


same rate at which ether distils over. The distillate is washed with 

a solution of sodium carbonate dried with anhydrous calcium chloride, 
and redistilled. 


Proporties. Ethyl ether is a colourless, mobile, and highly vola- 
tile liquid boiling at 35*5®. It is only slightly soluble in water (1 vol. 
in 11 vols at 25®). In aqueous hydrochloric acid, ether is far more 
soluble than in water. This is due to the formation of an oxonium 
salt containing tercovalent oxygen : 


(C2H5)20+HC1 


[ 


CgH, 




H +C1- 


C2H5 

Di-ethvl ether 

a 

hydrochloride 

Ethyl ether shows the usual chemical characters of ethers 
(Sec. 138). 

US6S. (1) Ether is a very valuable and crystallizing medium 

for many organic compounds, and is utilized for extracting aqueous 
solutions (Sec. 1). It is ernployed on a \*ery large scale in the manu- 
facture of collodion and chardonnet silk. 

(2) It is the most frequently used as an anaesthetic in surgery. 
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(3) A mixture of alcohol and ether, is used in the place of petrol as 
a motor fuel (Sec. 122). 

(4) Ether provides a very suitable inert medium for carrying out 
certain organic reactions, notably the.Wurtz’ reaction (Sec. 73) and 
the Grignard’s reaction (Sec. 108B). In the preparation of phosphine, 
PH3, the air inside tlie flask is usually replaced by ether vapour (see a 
text-book of Inorganic Chemistry). 

QUESTIONS 

1. Give the general method of preparing aliphatic ethers, and describe their 

chief properties. 

2. Describe in detail the laboratory method for preparing ethyl ether. Giv'e 

an explanation of the reaction involved. To what important uses is ether put 
in the laboratory and technically ? * 

3. Tlie analj'^sis of an organic substance gave the following results. 0*2n,5 irm 

on combustion gave 0*4055 gm. CO^ and 0|2533 gm. 11^0. The vapour density^ of 
the substance was 29*7. The compound failed to react with metallic sodium and 
on being distilled with hydriodic acid, it gave methyl iodide, ethyl iodide^ and 
ethyl alcohol. What is the substance ? [Ans, Methyl ethyl ether.] 

4. An organic substance is found to contain C=52*2%. 0=34*8°' 

0*069 gm. of the substance displaced 33*6 c.c. of air when measured^ at 
N.T.P. The substance reacts neither with sodium nor with phosphorus penta- 
chloride in the cold. What is the substance ? Dimethyl ether, (CH ) Ol 

5. In a Zeisel's determination for methoxyl groups one gm. of a substance ^of 
the formula CjHjOj gave after treatment with red phosphorus, iodine and water 
and the decomposition of the resulting methyl iodide with alcoholic silver nitrate 
2*67 gm. of Agl. Calculate how many methoxyl groups are present in the mole- 

{Punjab, B.Sc., Hons. 1914) 

{Ans. One) 
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142. General Formulae and Nomenclature. Aldehydes 

and ketones constitute two isomeric series of carbon compounds pos- 
sessing the general molecular formula, CnHgnO. Both contain the 
divalent > CO group, which in the case of aldehydes is linked on the 
one hand to an alkyl radical and on the other to hydrogen, while in 
ketones it is linked to two alkyl groups. If the two alkyl groups be 
identical, the ketone is termed a simple ketone, and if they are 
different, it is called a mixed ketone. 


^>c=o j^>c=o ^,>c=o 

Aldehyde Simple ketone Mixed ketone 

Aldehydes and ketones are oxidation products of primary and 
secondary alcohols respectively, being derived from these by the 
removal of two hydrogen atoms. The change may be supposed to 
take place in two stages : In the first instance, an oxygen atom is 
added, with the production of a compound having two hydroxyls 
linked to the same carbon atom. This compound, since it is 
unstable, immediately loses a molecule of water, yielding an aldehyde 
or a ketone. 


R.CHgOH 

Primary alcohol 

g,>CHOH 

Secondary alcohol 


+0 


+0 


R.CH(0H)2 

Unstable interme- 
diate product 

^,>C(OH), 

Unstable intermediate 
product 


-H^O 


H 
O 

Aldehyde 


R.C< 


— H,0 


2 


R 


,>CO 


R 

Ketone 


Aldehydes are usually named after the acid that they give rise to on 
oxidation, and ketones after the alkyl groups that they contain. 
Simple ketones are also named after the acid from which they may 
be obtained by the action of heat on its calcium salt (see below). The 
Geneva names of aldehydes and ketones are derived from those of 
the parent hydrocarbons by replacing the terminal -e by -al for alde- 
hydes and by -one for ketones. Poly ketones are distinguished as diones, 
-irionesy etc. The following few examples illustrate the nomenclature 
adopted. 
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Properties. Acetone is a colourless liquid ha vine a nleasant 

peppermint-like odour. It boils at 56»C. It is perfectly miscible S 
water, alcohol and ether. > mistime with 

l^The reactions of acetone have already been described (Secs. 145 and 

„„ and Properties of Acetone. Heat 50 gm. of drv ealpinm 

acetate ,n a retort attached to a I.iebig condenser (Fig. 72). Dilute the disHhZ 
hich contains some tarry matter, with an equal volume of water and then filter 
througli a fluted filter to remove the tarry matter. ^ 

Show the presence of acetone in the aqueous solution obtained as above bv thp 
following tests : — _ '-'vc uie 

(^) Xi6§^8(l s T©st* Take about .■> c.e. of the solution in a test tube and 
about 1 c.e. of sodium hydroxide and then about 5 drops of a freshiv 

solution of sodium nitroprusside (5 per cent). A ruby-red colour k pJXced 
which fades to yellow on standing. ^ d 

Repeat the above test, and acidify the solution at once with acetic onfri a 
purple red colour is produced. * 

(2) Iodoform Reaction. Acetone gives iodoform reaction in the cold • Take 
about 2 c.c. of dilute acetone solution, add about 5 drops of sodium hydroxide 
and then add a decinormal iodine solution, drop by drop, until the liquid becomes 
taintly yellow. TJiere occurs an immediate separation of iodoform. 




Fig. 72. I’reparatiop of Acetone from Calcium .\cetatc. 

Repeat the above test, using ammonia instead of sodium hydroxide. On addintr 

small amount of a black precipitate of nitrogen iodide is 


iodine, rlrop by drop, a ^ - .... 

formed. Allow to stand, or warm. The precipitate disappears and iodoform 
produced. This reaction serves to distinguish acetone from ethyl alcohol, 

(•1) Formation of Indigo. I >issolv'e a small quantity of o-nitrobenzaldcfiyde in 
»uL 1 c.c. of acclone, * -i ^ 

little sodium hydroxide 

Uses. (1) Acetone is an important solvent, and is used in the pre- 
paration of higli-class varnishes, cordite, and collodion, and for storing 
acetylene. I L is also employed for extracting resins from wood and 
for making paint and varnish removers. 


about I c.c, of acclone, stir the solution into about lOfl c.c. of water containing a 

vdroxide. Notice the rapid formation of indigo blue. ^ 
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(2) It is used in the preparation of chloroform, iodoform, sulphonal, 
ionone, and synthetic rubber. 

UNSATURATED ALDEHYDES AND KETONES 

153. General. Unsaturated aldehydes show the same chemi- 
cal reactivity as saturated aldehydes. Further, on account of the 
presence of double and triple bonds, they also undergo the addition 
reactions characteristic of the unsaturated hydrocarbons from which 
they are derived. 

154. Acraldehyde, Acrolein, Propenal, CH 2 =CH.CHO. This 
is the simplest unsaturated aldehyde. It is obtained by removing the 
elements of water from glycerol, this being usually effected by 
distilling glycerol with potassium hydrogen sulphate : 

CH2(0H).CH(0H).CH20H— ► CH2=CH.CH0+2H20 

Glvcerol Acrolein 

Expt. 56. Heat a mixture of glycerol with about one-fifth its weight of 
crystallized potassium bisulphate. The vapour evolved has an unpleasant odour 
and attacks the eyes. Notice the action of the vapour on a drop of bromine water 
held on a glass rod. 

Prop6rti6S. (l) Acrolein is a colourless oily liquid, having an 
["extremely pungent odour, hence the name {acer, pungent ; oleum oil). 
The irritating, unpleasant odour produced when a vegetable-oil-lamp 
or a tallow candle is put out is due to the formation of this substance. 
When brought in contact with the skin, it produces sores, and its 
vapour causes a plentiful flow of tears. It boils at 52°, and is difficultly 
soluble in water. 

(2) Like other aldehydes, acrolein gives the silver mirror test and 
Schiff’s magneta test. Its tendency to polymerize is so great that it 
usually changes in a short time to an amorphous, brittle substance 
called disacryl. It is readily oxidized, even on exposure to air, to form 

acrylic acid. . 

(3) In addition to the aldehydic characters, acroleii\ shows tfie 

behaviour of an unsaturated compound. Thus, with bromine it gives 
the dibromide CHoBr.CHBr.CHO. Catalytic hydrogenation in the 
presence of nickel at 50° to 60° converts it into propaldehyde, 
CHoCHo.CHO. With hydrobromic acid acraklehyde yields ^-brpmo- 
propaldehvde, CHgBr.CHa.^'UO (compare action of HBr on ac^vlic) 
acid. (Sec." 176). Acrolein combines with iieo molecules of sodiurn 
bisulphite instead of one. When the resulting addition compound 
is treated with acids acrolein is not regenerated, only one molecule ot 
the bisulphite being eliminated. This shows that the second molecule 
of sodium bisulphite must have been added at the double bond. 


Secs. 155A-C.] ALDEHY DES AND KETONES 


223 


, 155. Crotonaldehyde. CH..CH=CH.CH0 Ac i . 

tlon^of If**' obtained from aido/ bv the elindna- 

behavfour. On oxiLtion'^by Ss 
siher oxide, it yields solid crotonic acid, CIl3.CH=CH,COOIi 


Geranial. This is a di-olefinic aldehvde 
characterized by a Iragrant odour. It is 3 • 7~dimpfhnl a * 2-6 

octadiene-\-aL (CHa)^!: : CH.CH 2 .CH„.C(CIl 3 ) : fll CHO and nf i ‘ 
re ated to geraniol (Sec. 13!»). On oxidation it yields geranic aci^^ 
Citral occurs in various essential oils, notably those of oranffe rind 
lemon-grass and certain species of eueah'ptus It is useii no 5 i ’ 
aroma and in the manufa^ure of iononi ^ ^ 


DIALDEHYDES AND DIKETONES 

1 , General. Dialdehydes and diketoiies are of eonsider- 

interest, as they are valuable startiiig-jioints for the svntheses 
1 a variety ot cyclic <-omi)ounds. The dialdehvdes may be obtained 
V Rosenmund’s method, i.e., by the reduction of corLsnonZi 

pallaSn. * Presence of finely divfded 

According to the relative positions of the two CO ffrouns diketnnpo 

/ ^ =^-«ketones, yS- or 1 .■ 3-dikeS ami 

. -l-diketones. According to the Geneva nomenclature diketonpo 
nuUonZ- Tl" h.vdrocarbons by using the termi- 

smeffing liquids ^ “lourless, pleasaL- 

iic=o 


*155-C. Glyoxal, Omldchyde, Diformyl, 


. , IIC=0 

ene glycol, ethyl alcohol or acetaldehyde is carefully oxidized with 

Olyoxal is a yellow liquid (I'rcezing-poiiit 15° ; b. p. 51°) The 
lya-pour of glyoxal has an intense emerald green colour ; on condensa 

In^f’ yields at first a green liquid. This substance is 

«nstal>le, and, even when kejjt in a strong freezing mixture, rapidlv 

Pojpnenzes to para-glyoxal, an insoluble inodificafion of unknowii 
'fioleeular weight. 

Glyoxal possesses (he properties of an aldcliyde. It reduoes 
"iimoniacal silver soliilion, and combines vvitli two molecules of 
* An umorphoun substance, readily soluble in aJeohul and ether. 


When ethy 
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sodium bisulphite to form the crystalline glyoxal sodium bisulphite, 
C2H202,2NaHS03,H20. It is *^by means of this derivative that 
glyoxal is usually isolated. Glyoxaloxime melts at 178° and the 
phenylhydrozone at 175°. 

When treated with concentrated ammonia, glyoxal forms a cyclic 

HC— NH 

base, called glyoxaline, which has the formula || ^CH. It melts 

HC—N 

at 90^ and boils at 263°. Glyoxaline is of interest in connection 
with the constitution of the alkaloid pilocarpine. 

*155-D. Diacetyl, CH 3 .CO.CO.CH 3 . Diacetyl is 

the simplest a-diketone. It is prepared from methyl ethyl ketone 
uia its monoxime. The ketone is treated with nitrous acid and the 

product is boiled with dilute sulphuric acid ; — 

HNO- dil. H2SO4 

CH 3 .CO.CHj.CH 3 — CH3.C0.C(N0H).CH3 — . CH3.C0.CC).CH3 
Methyl ethyl ketone Diacetyl monoxime Diacetj 1 

Diacetyl is a yellotv liquid with a pungent odour. It boils at 

to give a vapour having the colour of chlorine. Its more important 
reactions are : — 


f 


i 


1. With hydroxylamine, it forms the monoxime, CH3.CO.C(NOH). 

CH3, and the dioxime, CHj.C(NOH).C(NOH).CH3. ) 

2. With phenj'lhydrazine, the monohydrazone and the dihydrazone 

(isazone) are produced , 

CH3.CO . CH3.C=N.NH.C8H5 

CH3.C=N*.NH.C8H6 

Diacetyl monohydrazone Diacetyl osazone 

3. When treated with o-phenylene diamine, it forms the 
compound, diacetyl quinoxaline, 

/N— n=c.ch3 


It 


CH3.C=N.NH.CeH5 


fr* 


fe; 


/ \_NH2 

0 =C.CH 3 



1 

1 

+ 1 

>■ 


J— NH, 

0 =C.CH, 




+2HjO 



-N=C.CH3 

0-Phenylexediamine Diacetyl quinoxaline 

4. In the presence of fermenting yeast it undergoes biochemica. 

reduction, r ir 

CH3.CO.CO.CH3+2H — ♦ CH3.CH(0H).CH(0H).CH3 


Diacetyl 2 : 3 - 13 utane-diol 

5. Hydrogen peroxide decomposes diacetyl into t^^o molecule 
acetic acid : — k ^ 

CH3.CO.CO.CH3-I-HO— OH 2 — »-CH 3 .C 00 H lias 
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Diacetyl dioxime, CH3 ,C(NOH).C(NOH).cH; 


^ 


in alcohol to give a colourless solution. 

inTetli\ 1 gl^ o^inie is an important reagent, and is employed for 

the detection and gravimetric estimation of nickel and palladium and 
also for the detection of bismuth. ^ ’ 

Expt. 56A. Place a drop of a dilute solution of a nickel salt on a piece of 
lUter pajicr, and on to it put one drop of 1 per cent alcoholic dimethyl olyoxime 

and then a drop of dilute ammonia. The formation of a red snot*’ or rinrr 
indicates the presence of nickel. . i t. 

Expt. 56 B. To a solution of bismuth chloride in hydrochloric acid add i 
little 1 per cent dimethyl glyoxime, and then strongly alkalify with ammonia An 
intense yellow precipitate comes down in the presence of much bismuth and a 
yellow colour is produced w'hen traces of the metal are present. ’ 

* 155 -E. Acetyl-acetone, CH3.co.CH2.co.CH3. This is one 

of the ^-di ketones, and is prepared by condensing acetic ester with 
acetone in the presence of sodium, 

Na 

CH 3 .CO.OC 2 H 54 -CH 3 .CO.CII 3 — i.CH3.C(ONa)==CH.CO.CH3 

.Acetic ester Sodio- derivative 

^ ^ of acetyl-acetone 

The resulting sodium compound is then converted into the insoluble 
oupric salt, from which acetyl-acetone is liberated by treatment with 
dilute sulphuric acid. 

Acetyl-acctone is a colourless, pleasant-smelling liquid boiling at 137°. 

It is hydrolysed by boiling water into acetic acid and acetone 
CII3.CO.CH2.CO.CH3+H.OH ^ CH3.COOH4CII3.CO.CH3 
Acetyl-acctone, in common with other /9-diketones, undergoes a 
large variety of condensations. Special mention may be made of its 
reaction with hydrazines when pyrazole derivatives are produced : — 

CH3 CH3 

I I 

coil HjNR C NR 

wcf + ' — ncf +2H,o 

^CO HjN C==N 

I a primary f 

(713 hydrazine 

Acetylacotoiie ji pynizolc 

(eiiol form) derivative 

Constitution. Acetyl-acetone, in common with other /9-dikclones, 
has been ’shown to exhibit keto-enol tautomerism (compare 


tt* 0^ rtcvtvjh 
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CH3.CO.CH2.CO.GH3 
• Diketo form 


[Sec. 155F. 

H 

CH 3 .C( 0 H) =CH.C 0 .CH 3 



Enol form 


The power of the compound to form sodio=derivatives and other 
metallic salts proves the existence of the enol form. Many of these 
metallic derivatives are insoluble in water but soluble in organic 
solvents, such as benzene and chloroform. 

The enol form of acetyl-acetone can be obtained in the pure state 
by crystallizing the equilibrium mixture from petroleum ether at 
low temperatures. 


*155-P. Acetonyl-acetone, CH 3 .CO.CH 2 . CH 2 .CO.CH 3 , 2 : j- 

Hexane-dione, is an example of a y-diketone. It may be conveniently 
prepared by boil ng ^-diaceto-succinic ester with sodium hydroxide. 
It is a colourless liquid with a pleasant smell, and is soluble in water, 
alcohol and ether. It boils at 191® under 750 mm. 

Acetonyl-acetone, like other y-diketones, is readily converted into 
derivatives of furane, thiophene and pyrrole : — 

HC CH 

II f| A ce ton vl- acetone 

CH3.C C.CH3 ^di-enol form) 

\ / 

OH HO 



HC — CH HC 

li il [I 

CH3 C C.CH3 CH3.C 

\/ 


CH 

II 

C.CH3 



Dimethyl pyrrole 


O 

Dimethyl furane 


HC CH 

II II 

CH3.C C.CH3 

\/ 

S 

Dimethyl thiophene 




QUESTIONS 


1. Xame the groups ol organic compounds to which the substance having the ^ 
molecular formula CjHgO may possibly belong. Give its possible constitutional 
foj miilic, and describe experiments which you w uld perform to detcrniine its 
constitution. {^Punjab, Jntcf.t 19Z6) 

Z, Give general methods of preparing aldehydes and the important reactions 
of the-Hf'O group. {Punjab, B.Sc., Agr. m3) , 

o. Describe the metliod you would adopt to prepare a pure sample of acetal- { 
dehyde in. the .l^aboratory. ' {Punjab, Inter , 1923) 

J*' How is lormaldehyde prepared ? In what important respects does 
differ from acetaldehyde ? Give its important uses. 
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5. Give the general methods for the i>reparation of ketones, anfl cornpar(‘ the 
reactions of these eonipoiinds with the reactions of aldehydes. (Punjab^ 1923} 

0. Give an account of the general methods by* which aliphatic ketones can be 
^^iprcpared. What are their characteristic reactions ? 

How is acetone. prepared commercially, and what are its uses? 

(Punjab, Inter., 1933) 

7. What are the main products obtained by the dry distillation of wood ? 

How are these separated and purified ? State to what commercial uses they are 
applied. ... (Punjab, B.Sc., 1921) 

8. Starting from acetone, show how you would prepare any Jive of the 
following : — 

(«) Pinacone, (b) Phorone, (r) Mesitylenc, (d) a-hydroxisobutyrfe acid, (e) 
Propylene, (/) Tertiary butyl alcolioL ^ (Punjab, B. Sc., 1030) 

f). You arc given a mixture containing ethyl alcohol, acetic acid and acetone. 
How would you proceed to identify these and separate them ? Describe hbw you 
would proceed to prepare one compound from each of these substances ? 

{Punjab, B.Sc., 1923) 

10. An organic compouiul gave the following results on analysis ; 

(a) 01475 gm. gave 0*088 gm. of carbon dioxide'and 0 (KO gram of water. 

(b) 0*21)5 gm, gave 0*8(il gm. of silver chloride. 

(c) 0*1475 gm, displaced 24*(i e.c. of air at 70 cm. at 27® C. 

The compound on treatment with Naf)H solution gave chloroform as one of 
the products of decomposition. Assign a structural formula to the compound. 

(Bombay, Inter.. 1932) 

11. A compound of carbon, hydrogen, and oxygen gave the following results : 
0148 gm. gave 0*374 gm. COj and 0*154 gm. H/), and the vapour density 

/ determination gave the value 42. 

The compound reacts with hydroxylainine and with phenylhydrazine, but not 
with acetyl chloride ; on oxidation it gives a mixture of acetic acid and i)ropionic 
acid w'ith traces of other acids. Determine the molecular and structural formulae 
of the coinpouml ? (Punjab, B.Sc., 1933) 

12. A ketoxime, on analysis, was found to possess the follow ing comijosition. 
Carbon, 5.>'2 ; hydrogen, l6*3 ; nitrogen, 18*1 per cent. 

What is the formula of the compound and from what ketone is it derived ? 

(Board of Education, 1031) 

13. A substance containing of C, H and O only, gives on analysis C = 8K ia% 
and H = 13*84%. When gently oxidized, it is converted into a substance w iiieh 
gives C = 8i)*77% and 11 = 11*63%. The latter on further oxidation iiiuler suitable 
eonflitions gives a mixture which on analysis is ioun^l to consist of saturaled 
fatty aeifis containing one, two, three, and four atoms of carbon per molecule, 
but none of the higher acids. Suggest a constitutional formula for the substance 
and describe the tests vou would employ to confirm it. 

(Pembroke College, Cambridge) 

answers 


10 . 

tl. 

12 . 

13 , 


Chloral CCI 3 .CHO. 

Methyl jvropyl-ketone Clla.CO.CHa.CIt.^.t II 3 . 
V**3>C : : from lucthyl-cthyl ketone. 

'J’hf * secondary alcohol, CFIa-CHOM-CjIl,. 


yield.s I lit* ^ 


CID.CO.('»lb. 


e 
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CHAPTER XVIII I 


MONOCARBOXYLIC ACIDS 


156. General. The characteristic group present in the carb- 
oxylic acids is the carboxyl group, — COOH. These acids may be 
regarded as derived from the hydrocarbons, and represent the finai 
stage in the oxidation of the methyl group of the hydrocarbon moJ[t“ 
cule, the intermediate stages being represented by "primary alcohok 
and aldehydes. The relationship between these compounds will .be 
clear from the following examples : — 

H.CH3 H.CH20H>/. H.CHO H.COOH I 

1 aJcohol Formaldehyde Formic acid 

(Methanol) (Methanal) (Methane acid) 


CH3.CH3 

Kthane 


CH3.CH2OH 
Ethyl alcohol 
(Ethanol) 


CH3CHO 

Acetaldehyde 

(Ethanal) 


CH3.COOH 

Acetic acid 
(Ethane acid) 


1 . SATURATED MONOCARBOXYLIC ACIDS 


The saturated monocarboxylic acids are usually called fatty acids 
as the higher members of this scries occur as glyceryl esters in fats 
and oils. 

157. NomGnclatur©. The names of the fatty acids all end 
in tc, and generally indicate their source of preparation or the num- 
ber of carbon atoms in the molecule. The Geneva names are 
derived from the parent hydrocarbon by the addition of the worn 
“acid”. 

The following examples illustrate the nomenclature, the GcneA a 
names being given in italics : 


H.COH 

Formic acid 
{Methane acid) 


dig. COOH 
Acetic acid 
{Ethane acid) 


C2H5.COOH 
Propionic acid 
{Propane acid) 


CH3.CH2.CH2.COOH 

n Butvric acid or Ethvl 
acetic acid 
{Butane acid) 


{CH3)2CH.C00H 

Isobutyric acid or 
DiemthvI acetic acid 
{2-Methyl propane acid) 


CH3CH2.CH(CH3).C00H 

o-Methvl butvric acid 
or Methvl-ethvl-acetic acid 
(2-Melhtjl-butane acid) 
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oecs. 166-168.] 


Lead acetate or sugar of leady (CH3C00)2Pb.3H20, and basic lead ace- 
late, CH3COO.Pb.OH, are used in the manufacture of lead preparations 
{e,g.y ‘‘white lead”). A solution of lead acetate in water is something 
used under the name ’dead lotion” as an external application in cases of 
sprains, etc. Basic copper acetate, CH3COO.Cu.OH, technically 
known as verdigris, is used in the manufacture of green paint. Normal 
acetates of aluminium^ chromiwtny iron and copper are largely employed 
as mordants. 


IS pre- 
get the 


166. Separation of Acetic Acid and Formic Acid. 

This is based on the solubility of lead and magnesium acetates in 
alcohol, the formates cd these metals being insoluble. The mixture is 
neutralized with litharge, or magnesium carbonate, and the solution 
concentrated. Alcohol is then added, whereby the formate 
•ipitated. The two salts are then separately decomnosed to 

167. Pl%pionic Acid, Methyl Acetic Add, Cff 3 .CH 2 .CObH. 
This acid occurs in crude pyroligneous acid. It can be most readily 
obtained by the oxidation of propyl alcohol with potassium dichro- 
mate and sulphuric acid. It boils at 141°, and mixes with water 
in all proportions. From the aqueous solution it can, however, be 
‘’salted out” as an oily layer by the addition of solid calcium chloride 


and other salts. 


168. Butyric Acids, C3H7COOH. There are two isomeric 
butyric acids, both of which are found in nature : 

(1) n-Butyric acid, Ethyl-acetic Acid, CHg.CHg.CHjCOOH. This acid 
occurs as the glyceryl ester in butter to the extent of about 7 per cent, 
and in the free state in perspiration. 

The acid is prepared by the butyric fermentation of saccharine or 
starchy materials, which is brought about by the combined action of 
the lactic bacilli and the butyric bacilli. The latter consists of slender 
rods in active movement. 

A\ solution of starch or glucose is prepared, and to this some sour milk (which 
contains lactic ferment) and putrid cheese (which contains butyric ferment) are 
added. Some chalk or zinc carbonate is also added to keep down the hydrion 
concentration of tlic fermenting liquid (as excessive acidity is ruinous to the 
growth of the ferments) and also a little tartaric acid, ammonium phosphate, 
and magnesium sulphate, in order to stimulate the grov.-th of the ferments. 
The butyric acid, as soon as ftroduccd. is rieiitralizcd by the cah iuni or zinc 
carlxmalc present. The resulting .solution containing calcium or zinc butyrate, 
is altered. eva)iorated, decomposed with hydrochloric acid, and butyric acid 
se])arated by distillation. 

During the above process of fermentation, thestfirch ‘s first convert- 
ed into glucose. Tlie latter then undergoes lactic fcrinenlation (q.v.): 
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and finally the lactic acid is decomposed to give butyric acid. 

-CaHeOs C4H8O2 -f 2Cd2-f 2H, ' 

Lactic acid Butyric acid 


CeHigOg 


Glucose 


liquid {h.p. 163°), having an unpleasant 
lancid butter. It is used in the manufacture of esters. 


The calcium salt of n-butyric acid shows the peculiar behaviour of beine less 

hntvric T''^ utilized for distinguishing the normal 

buty ric acid from isobutync acid, the calcium salt of the latter behaving noriiiallv, 

it is niorB solubl8 in hot water than in cold* 


mi , J^iemthyl acetic Acid, (CH 3 ),.CH.COOH. 

Ihis acid is found in the free state, or as esters, in many plants. It 
IS prepared by the oxidation of isobutyl alcohol. (CH.lj.CH CH.OH 
It IS an oily liquid, boiling at 154°. It differs from the normal acid in 

being not miscible with water and in the solubility of the calcium salt 

{see above). 


V^lsric Acids, C^Hg.COOH, Of the four isomeric valeric 
acids the two more important are : 

(1) Isovaleric acid or isopropyUacctlc acid • 

(CH3)2CH.CH2.C00H ; . 

(2) Active valeric acid or irnethyl- ethyl- acetic acid^ 

: - (CH3)(Cj,H5)CH;COOH 

rSoth these acicis occur in the plant all-heal, or valerian, and in 
angelica. A mixture of the acids obtained by distilling the mace- 
rated plants with water is sls vahric acid ov valerianic acid. 

It is also obtained by oxidizing commercial amyl al^’ohol (Sec. 124) 

with potassium dichromate and sulphuric acid. It is an oily liquid 
boiling at about 175°. 

The chief use of propionic, butyric and valeric acids is in the manu- 
facture of esters, which are extensively employed in making artificial 
fruit flavours and lacquers. 

170. Higher Homologues. Some higher members of the 
series having a normal chain and an even number of carbon atoms 
are found as glyceryl esters in fats and oils of animal and vegetable 
origin. Two of these viz.,, palmitic acid, CjgHgi.COOH, melting at 
62°, and stearic acid, Cj^Hgj.COOH, melting at 69°, are most impor- 
tant. A mixture of the tw'o acids is manufactured on a large scale by 
hydrolysing fats, and is used in the manufacture of “stearine’^ 
candles (see Chapter XX). Soap is a mixture of the sodium sails of 
these acids. 

^^II. UNSATURATED MONO CARBOX YLIC AClDS 

Oleic Acid Series, The monocarboxylic acids derived 
from olefine hydrocarbons have the general formula C„H2»-iC00H. 




i 
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The most important number of the series is oleic acid, from which 
the series takes its name. A few important members of this series 

4ir0 * — 

Acrylic acid, Propene acid, or Vinyl-formic acid, CH 2 =CH.COOH 
Vinyl-acetic acid, CH 2 =CH.CH 2 .COOH 
Crotonic acid, jS-methylacrylic acid, CH 3 .CH=:CH.COOH 
Oleic acid, CH 3 .(CH 2 ) 7 .CH=CH.(CIl 2 ) 7 COOH. 


172. General Methods of Formation. The acids of the 
oleic series may be obtained by methods analogous to those used 
in the case of fatty acids (Sec. 158), and also by the general methods 
for the preparation of unsaturated compounds. Of the methods 
given below, the first two belong to the former class and the last two 

to the latter : 

(1) By oxidizing the corresponding primary alcohols or aldehydes ; 






CH,=CH.CH20H CH2=CH.CH0 — ► CH2=CH.C00H 

Allyl alcohol Acrylic aldehyde Acrylic acid 

(2) From the olefine alcohols or their iodides, by converting them 
into the nitriles, which are then hydrolysed. Starting with allyl 
alcohol we expect to obtain vinyl-acetic acid, as shown below : 

CH2=CH.CH20H-^ CH2=CH.CH2l — ► 

Allvl alcohol AUyl iodide 

CH2=CH,CH2.CN— CH2=CH.CH2.C00H 

Allyl cyanide Vinyl-acetic acid 

Actually, however, we get an isomeric acid, called crotonic acid 
fd-methvl-acrvlic acid), by intramolecular rearrangement : 

CH2-CH,CH2C00H — CH3.CH=CH.C00H 

Crotonic acid 

(3) By the removal of halogen hydride from monohalogen substitu- 
tion products of fatty acids containing the halogen in the ^-position 
to the carboxyl. The reaction may be effected sometimes by simply 
heating the halogenated acid with water. 

CH 2 Cl.CH 2 .COOH CH 2 -CH.COOH 

3-Chloro-propionic acid Acrylic acid 

(4) By the removal of the elements of water^ from a 

acid;^.g., _H O 

CH2{0H).CH2.C00H — > CHa=CH.COOH 

P-Hydroxy.propionic acid ‘Acrylic acid 

Physical Properties. Apart 

t which are sometimes considerable, the physical properties 
acids of the oleic series are similar to those of the fatty 
series The presence of the double b^d incr eases the strength of the 
i can be cffecteaTVsimply heathig the hydroxy acid. 


jS-hydroxy 


173. 

ing- 
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acid, the effect being maximum when the double bond occupies the 
/Sy-position. 

174. Chemical Properties. The acids of the oleic series 

have two sets of reactions. Firstly, like the fatty acids, they possess 
the properties of the carboxyl group. Secondly, they show the reac- "J 
tions characteristic of the double bond. With respect to the first 
nothing particular need be mentioned, except that, as already stated, 
the presence of the double bond makes them stronger acids than those 

of ^ the fatty series. In connection with the second, the following 
points may be mentioned : 

(1) They can be converted into the corresponding saturated acids 
by catalytic reduction (Sec, 65). The process of the conversion of the 
glyceryl ester of oleic acid is of great practical importance, and is used 
in the hardening of fats and oils. 

(2) They combine, as usual, with chlorine, bromine and iodine, 

yielding dihalogen derivatives of the corresponding saturated acids, 

c.P, , 

CH2=CH.COOH+Cl2 — ^ CHjCl.CHCl.COOH 

^ Acrylic acid Dichloropropionic acid 

The addition of halogen hydrides to the acids of this series occurs 
quantitatively in a sense opposed to Markownikoff’s rule (Sec. 85). . 

This action has been explained by Thiele by assuming the addition j 

to occur to the ends of a conjugated chain, giving rise to the enolic 
form of the bromo-acid, which immediately reverts to the normal 
form : — 

H2C=CH-C^^jj+HBr— ► CH3Br-CH=C<®]“— »• 

Acrylic acid (enolic-form) 

CHjBr-CHj-C^^jj 
^-Bromopropionic acid 

(3) The acids of this series, like the olefines themselves, unite with 
ozone to form unstable ozonides. The decomposition of these by 
water affords an excellent method for determining the position of the 
double bond in the molecule (compare Sec. 85). 

(4) The imsaturated acids readily undergo oxidation. With a mild 
oxidizing agent (e.g., 1 per cent KMnO^), two hydroxyl groups are 
added (compare ethylene, p, 139). 

CH3,CH=CH.C00H-hH20+0— ^CH3.CH(0H).CH(0H).C00H 

Crotonic acid aS-Bihydroxybutyric acid 

But, if a stronger oxidizing agent be used, the oxidation proceeds 
further, each of the — CHOH groups being oxidized to a carbox}d 
group. Thus there occurs a rupture of the molecule at the position 
of the double bond, two molecules of saturated acids being thereby 

IV 


Vi 
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formed : 

CH 3 .CHOH.CHOH.COOH -1-30 — >-CH 3 .COOH-f COOILCOOH-t-HoO 

ap-Dibydroxybutyric acid Acetic acid Oxalic acid 

The reaction affords a means of determining the position of the double 

bond in the molecule. 

(5) A rupture of the molecule with the formation of saturated acids 
also occurs on fusion with alkalies in the presence of air : 

CH3CH=CH.C00H+H20+.0— ^CHg.COOHH-CHgCOOH 

Crotonic acid Acetic acid Acetic acid 

The reaction, however, is of no use for locating the position of the 
double bond, as treatment with alkali has been shown to shift the 

double bond, if possible nearer to the carboxyl. 

A similar shifting of position of the double bond is also sometimes 
observed, when an unsaturated cyanide is subjected to hydrolysis 
(compare, for example, the conversion of allyl cyanide into crotonic 

Qcid 2 ^ m 

175. " Constitution. The determination of the constitution of 
an unsaturated acid involves the following points : 

(i) The nature the chain. This point is settled by hydrogenating 

the acid to the corresponding fatty acid. 

(ii) The positio?i of the double bond in the molecule. This is done 

by oxidizing the acid (see above) or by ozonolysis (p. 137). 

176. Acrylic Acid, Vinyl-forynic Acid, H 2 C=CH.COOII, 
Propene Acid, This acid is best prepared from ethylene chlorohydrin 

as follows : 

KCN H.OH 

HO.CH 0 .CH 2 CI HO.CH 2 .CH 2 CN — > 

Ethylene chloroliydrin js-Hydroxypropiono- nit rile 

HO.CHj.CHa.COOH — »- 

p- Hydroxy-propionic acid 
(Hydracrylic acid) 


CIl2=:CH.COOH 

Acrylic acid 


resembling that of acetic 
It shows all the reactions 


It is a liquid having a pungent odour^ 
acid. It melts at 12’3° and boils at 140 

characteristic of this series (Sec. 174). ~ ^ mi ^ .i » 

177. Acids of the Formula C 4 H 6 O 2 . Three structural 

isomers may be derived from propene, CIl 2 =CH.CH 3 , vi^. 

(1) CH3=CH.CH3C00H (2) CH3=C<J^^5„ (3) 

Vinyl-acetic acid a-McthyJ-aerylic acid Crotonic acid 

or Mcthacrylic acid 

The acid of the formula (3) exists in two stcieohomcrie forms, vi-.. 

CH,.C.H II.C.CH 3 


II 


H.C.COOH 

Crotonic ncicl (irana-fomi) 


H.C.COOH 

Isocrotonic acitl (cis-foT m) 
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Thus there are four different acids of the formula C4Hg02 belong!^, 
to this series. “ \i 

178. Crotonic Acids. . Ordinary crotonic acid or s^d 
crotonic acid occurs in croton oil, and resembles acrylic acid closeiy. 
It may be obtained by the general methods, given above, or by the 
hydrolysis of allyl cyanide (p, 241). It melts at 72® and boils at 18Q°, 
When solid crotonic acid in toluene solution is irradiated with 
ultra-violet light, it isomerizes into isocrotonic acid, which melts at 
150® and boils at 469®. . When heated at 170® to 180® in a sealed tubet’ 
it passes back into solid .crotonic acid. id 

Crotonic and isocrotonic acids are structurally identical. On reducll 
tion they both yield normal butyric acid, showing that the moleculesf 
contain no branched chain. With dilute potassium permanganate, 
each of them yields dihydroxybutyric acid, while with nitric 
acid a mixture of acetic acid and oxalic acid is produced (pp. 242-3). 
This proves the constitution of the acids. Solid crotonic acid, 
because of its beii^g chemically more stable, is assigned the trans- 
formula, while the less stable isocrotonic acid is assumed to be the 
cisrcompound. ^ 




79. Oleic Acid, CH 3 .(CHj) 7 .CH=CH.(CHi,),.COOH. This^ 
the most important member of the present series. It occurs as tli?' 
glyceryl ester, triolein, in fatty oils (such as olive oil or cotton seed ' 
oil), from which it, is obtained as a by-product in the manufacture of 
stearine. 

In the laboratory, oleic acid is best prepared from olive o il. The oil is 
saponified by boiling with an alkali solution. The watersoluble alkali salts of 
tlie acids present are then converted into insoluble lead salts by double decom- . 
position with lead acetate. These are filtered, washed with alcohol to removq ^ 
unchanged olive oil and then shaken with ether, which dissolves only the lead iK 
oleate, the lead salts of stearic and palmitic acids being insoluble in ether, ThCy-'' 
ethereal solution is filtered, the ether evaporated, and the residue of pure lead, 
oleate decomposed with pure dilute nitric acid, when oleic acid is liberated as 
an oily layer. This is separated, dried by means of fused calcium chloride, and^ 
then distilled under reduced pressure. ? 

Oleic acid is a colourless liquid, having practically no odour or taste. 

It solidifies at 4®, yielding a mass of colourless needles, which melt 
again when the temperature rises to 14°. In contact with air, the 
acid rapidly acquires a yellow colour and a sour rancid odour, owin^ 
to oxidation. 

When reduced, oleic acid yields stearic acid. Hence, like the latter 
compound, it must contain a normal straight chain of carbon atoms. 
Further, on oxidation with cold, dilute potassium permanganate 
solution, it yields a mixture of nonttlic aci d and azelaic_amd. This 
shows that the double bond is situated in the middle'oFthe^hain : 


Vr 
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iv Topping funnel, stir tlie mixture well with a glass rod, and close the i'Ctort 
,viti. a glass stopper. Heat the retort with a luminous tlame, kept in constant 
rnot:''n. When no more liquid collectsjjn the receiver, add a little anhydrous 
sodi a acetate to the collecting llask and.re-distil, collecting tlie fraction passing 
at li.a" to 140°. ... 

Acetic anhydride is a colourless, non-fuming liquid having a pungent, 

ace ' ic acid-like odour. It boils at and is heavier than water. 

^dke acetyl chloride, acetic anhydride is a valuable reagent for 
introducing acetyl groups into alcohols, phenols, and amines. This 
pi jcess, known as acetylatiorif is carried out as in the case of acetyl 
c /oride (Sec. 185). The reaction with hydroxy compounds is 
ov en accelerated by the addition of anhydrous sodium acetate or a 
little zinc chloride. 


III. ACID AMIDES 

189. Acid amides, or simply ‘‘amides”, may be regarded as 
derived from ammonia by exchanging its hydrogen for acid radicals, 
when, as in the case of amines, pTi7fi€iry, sccondctfy and tevtiavy acid 

amides are formed : ^ 

CH3CO.NH2 (CH3C0)2NH (CH3C0)3N 

Acetamide Diacetamide Triacetamide 

(primary) (Secondary) (tertiary) 

The hydrogen of ammonia may be substituted partly by ari acid 
radical and partly by an alkyl group. In such a case the product is 
termed an N-alkylated acid amide ; c.g., 

CH3CO.NH.CH3 ™3C0.J\(CH3)3 

N-methyl acetamide N-dimctl»yl acetamide 

Of the above types, by far the most important Jire the primary acid 
(iQjyijYionly known as acid amides, or simpiy as aTnides . 


-190. Preparation, (l) Amides may be obtained from ammo- 
lia by the action ot acid chlorides (See, 183), acid anhydriocs (Sec. 
t8S). or esters. The reaction with acict clilorides is the one usuaiiy 


‘rnpioyed, but where this fails, an ester is used instead 01 the acid 
Idnridc ' In this case the reaction occurs as follows : 

CH 3 CO OR + H NH,— ^ CH 3 CONH 2 +ROH 


The ester is shaken with an C()iihI volume of coiuentrated amrnouia until it 
has dissolved * The mixture is then fractionally distilled. .Metiiyl esters, r.rc 
r ore Wdily con\ crted into amides than their higher homologues. 

(2) The amide of an acid can also be prepared by slowly distilling 
it under pressure ibr about five hours at 220 to 230’, 

RCOONllt — > RCON I Ig-h HjO 


(3) Finally, they niay he obtained from acid nitriles, which take up 

the elements of wate^- when treated with moderately concen crated 


^ ^jrhe* optrulion is fiiow j in sonic mixture riifivj litivc to sltincl fVir 

several days. 


*i 
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[Sec. 191 


JC. 


sulphuric acid ; e.g., 

CHgCN +H2O 

Acetonitrile 


CH3CONH2 

Acetamide 


1 


191 . Properties. With the exception of formamide, which is 

a liquid, acid amides are colourless crystalline compounds. The 
lower members are readily soluble in water and, w'hen pure, are 
odourless. 


The reactions of amides are as follows : — 

(2) The basic character of ammonia having been strongly dimini- 
shed by the introduction of an acyl group, amides are neutral towards 
litmus. However, they are amphoteric in character and possess 
weakly basic and weakly acidic characters. Thus, when dry hydrogen 
chloride is passed through an ethereal solution of acetamide hydro- 
chloride, CH3CONH2.HCI, is formed. On the other hand, hot aqueous 
solutions of amides dissolve mercuric oxide, forming compounds of the 
type, (CH3CONH)2Hg. 

(2) When heated with alkalies or aqueous mineral acids, an^HHn-e 
hydrolysed to give the component acid and ammonia : 

CHgCONHg+H.OH— ^CHjCOOH-f-NHg 

(3) With nitrous acid, the parent acid and free niti'ogen are pro- 
duced (compare the action of nitrous acid on a primary amine) : 

CH3CONH2 

-I-; ; — CH3COOH+N2+H2O 

ho^n;o 


(4) When distilled with phosphorus pentoxide, they yield acid 
nitriles : 


CH3CONH2 — > CH3CN+H2O 


The dehydration can also be effected catalytically (See. 66). 

(5) Hofmann’s Bromamide Reaction. When an amide is treated 

with bromine and aqueous potash, it forms an amine containing one 

carbon atom less than the amide ; e.g., 

Br-f-KOH 

(i) CH3CONH2 — 

Acetamide 

KOH 


CHgCONHBr 


Acetobromamidc 


1 


I 

4 


(ii) 


CH3 

+ 


CO N BBr 
OH.^ 


CHjNHj +HBr+COj 
Mcthylanaine 


/. 


I 


The reaction is carried out in two steps : 

Step I. The amide (1 mol.) is cautiously mixed with bromine (' 
mol.), and a 10 per cent solution of potassium hydroxide (1 mol ) 
added, until the colour of bromine has been discharged. 
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< 1^71 The reaction product from step I, containing acetobro- 

'is added slowly to an excess of a concentrated solution of 

iltiScl for descending a homologous series 
T^enaring a lower homologue from a higher one. 
iTRfSnrolh Grignard Reagents. See Sec. 108B. 

1Q9 Constitution. The constitution of amides is readily 
. r " j their formation from ammonia by the action of acid 

inferred 183) The view is fully supported by the various 

chlorides (see. 

reactions of these compounds. 

IQO. Acetamide, CH^CONH,. Acetamide is most readily 

obtained' from CH3CONH2+HP 

f.pt Ue crystals are boiled for 5 to 6 hours with an equal weiglit 
Anunonium „n<ler a rellux condenser, the acetic acid acting as a catalyst 

of glacial acetic product is subjected to fractional distillation (using an air 

^"JttrfiroraJrVseparate acetamide (b.p. ^22°). 


Anotrn 


I m 

r very convenient method is by the action of ammonia on 

ethyl acetate. ‘ 

A 4 - icle crystallizes in colourless needles, m.p. 32 and b.p. 222 ^. 
Acetani water and alcohol. Its reactions have already 

been discussed (bee. 191.) 

IV. ESTERS WITH MbNOHYDRIO ALCOHOLS 

1 Q 4 , A large number of esters occur in plants, especially in 
fmiS and flowers, which owe their flavour and taste largely to these 
fomoounds. In their methods of formation and properties, the 
esters of monocarboxylic acids arc similar to those of the mineral acids 

(See. 127). 

195. Methods of Formation, (l) By the direct interaction 

of acids and alcohols ; c.g.. 


CH 3 COOH + 

Acetic acid 


C3H5OH 
Ethyl alcohol 


CHaCOOCaHs+HjO 

Ethyl acetate 


The reaction is reversible, the equilibrium being controlled by the law 
of action. In order to reduce the backward hydrolytic action of 

the water, esterification is carried out in the presence of concentrated 
iulphuric acid or gaseous hydrogen chloride. 

1 The interaction between alcohols and acids in the vaporous state has 
been carried out by Sabatier and Maihle in the presence of titanium 
<Jioxide and thorium dioxide, which act catalytically (Sec. 65). 
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(2) B)/ the action of acid chlorides or anhydrides on ai )ho ^ 

• . -fCaHsOH— >CH3C60C,H5 +Hl1, 

T Ethyl acetate 

^ (CHaCO)^ +C2H5OH— ^CHaCOOCjHs-t-CHsCOCH 

Acetic anhydride Kthyl acetate 4 

(3) By double decomposition between the silver salt of the aeni I 
an alkyl hahde. 

C^COOAg+C^H^I— CH3COOC3H3+AgI 

Silver acetate Ethyl acetate 

Hionocarboxy Hc acid can be obtained by lic 1 
S ,- dimethyl sulphate and potassium salts ol ^ 

R.COOK+lCHjlaSOj — ^ RCOOCH3+CH3KSO4 I 

Properties. Tlie lower members are co'oi 

less liquids possessing an agreciv' 

__ fruity odour. They are gencr.jj 

insoluble in water, but soluhic- ^ 
alcohol and ether. 

In Fig. 77 the boiling-poinb *■ 
esters of the normal fatty acids i 
plotted against the number of ^ j 

bon atoms in the conipoiib^ 
alcohols. 

Fig. 77 . lioiling points of Esters. 197* RCBtCtiOHS* Fstcrs a 

. « . .. veiy reactive substances, and 

OIOS, of their reactions the alkoxyl gi’oup,— OR, is replaced by tl 
other groups. The chief reactions of esters are ; 

(1) Hydrolysis, Hydrolysis or the replacement of—OR by — '.‘"I. 

vhich is the reversal of esterification, may be effected by Jicatim** A 
'sb"r with water under pressure : ^ t, v 

CHaGOOCaH.+H.OHf-CHgCOOH-fCoHsOH 

mount of water is necessary to displace the equilil 
to war tty right. The reaction is catalysed by the additioi, 
small quantity of a mineral acid. 

The hydrolysis of an ester can be carried out Qimntiiatively in 
presence of an alkali. The latter serves t'vo purposes (/) it 
catalytic? lly, and (/i) it combines with the acid produced thus nial 
the reaction proceed lb completion : 

CH 3 I OOCaHs+H.OH^^^CHgCOOH-f CJl-OII 

CH,COOHd-NaOn --^ CU^COONa^lllo 
CH3COO C2II5 +NaOH CH^COONa -- C^H.O 
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